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INTRODUCTION OF THE NATHAN B. EDDY MEMORIAL AWARD

M.W. Adler

Temple University, Philadelphia, PA

Two years ago, at the CPDD meeting in Nashville, I sat in the front row in the audience and listened as Dr. Bill
Dewey said a whole bunch of great things about me when he introduced me as the winner of the Nathan B. Eddy
Award. That was the proudest moment of my professional life, although it was sometimes difficult to believe
that it was me that Bill was talking about. Well, now it’s my turn to say some wonderful things about the person
about to be presented with the 1999 Eddy Award.

As I'm sure you all know, the winner is Dr. Mary Jeanne Kreek. Mary Jeanne, I don’t want you to become
overly troubled by this, but do you realize that you are the last person that will ever receive the Eddy Award in
this century? Actually, I think that’s very appropriate because you are truly an outstanding and unique
individual.

For those who may not know you very well, I would like to provide a brief history of your professional life. Dr.
Kreek graduated from Woodrow Wilson High School in Washington, D.C. and then attended Wellesley College
where she received honors in chemistry and biology. She went to Columbia for her M.D. where she won an
award for her research. Her internship and residency at Cornell University-New York Hospital Medical Center
included internal medicine, gastroenterology, and neuroendocrinology. She also did a research rotation at the
Rockefeller Institute in 1964 with Dr. Vincent Dole, a former winner of the Eddy Award. Working with Dr.
Dole and Dr. Marie Nyswander, who received the Eddy Award with Dr. Dole, Dr. Kreek was part of the team
that performed the initial studies of the use of methadone in the chronic management of heroin addiction. There
is no need to tell this audience of the importance of this work in the treatment of addiction. As important as
were her efforts as part of that group, Dr. Kreek’s career really went uphill after that.

Dr. Kreek joined the Rockefeller as Associate Physician in 1967, and rose to the rank of Professor and Head of
the Laboratory of the Biology of Addictive Diseases and Senior Physician at the Rockefeller University
Hospital. That was in 1994. Dr. Kreek was the first woman to become a Head of Laboratory at the Rockefeller.

Glass ceilings are just another temporary slowdown for Dr. Kreek. I should also mention that Dr. Kreek is the

Director of a P50 Center from the National Institute on Drug Abuse titled “Treatment of Addictions-Biological
Correlates” and she has been the recipient of a NIDA Senior Research Scientist Award since 1978.

When [ was preparing these comments, I tried to determine which of Dr. Kreek’s many, many contributions to
research I would mention. She has long espoused the view that addictions are diseases of the brain with
associated behaviors, she provided evidence that methadone maintenance therapy provides stability for the
neuroendocrine system, she developed new analytical techniques for pharmacokinetic studies of opioids, and she
provided strong support for the hypothesis that genetic factors play a major role in addiction but that early
developmental and environmental factors are also important. In addition, she has provided strong evidence that
the endogenous opioid system exerts its effects via interactions with other neuropeptide and neurotransmitter
systems (a belief that she and I have shared for many years), she was among the first to demonstrate opioid
interactions with disease states, and she helped provide data supporting a link between prevalence of HIV-I and
parenteral drug abuse. In the past 10 years, Dr. Kreek has not only continued her work with opioids, but has
made numerous contributions to our knowledge about cocaine. For example, she developed the “binge” model
for studying cocaine effects and has demonstrated that cocaine can alter mu and kappa opioid receptor densities
and SHT1a serotonergic receptors. In collaboration with a group in Japan, she used PET scans to study cocaine
and its effects on D1 and D2 receptor binding.

Finally, with regard to Mary Jeanne’s research, I want to draw your attention to her studies with opioids and the
immune system, studies that are near and dear to me and my group at Temple University. She is one of the
leaders in the very rapidly developing field of the relationships between drugs of abuse, addiction, and the
immune system. The reasons for the markedly increased incidence and severity of a number of diseases in drug
abusers are not well understood at this time. However, it is almost certain that the differences are not due solely



to lifestyle or contaminated needles. Rather, it appears that various abused drugs, including the opioids, have a
profound effect on the immune system and may act as cofactors in such diseases as HIV and opportunistic
infections such as hepatitis B and C, and tuberculosis.

At this point, I might just add that Dr. Kreek has published over 300 papers, that she has collaborated with many
laboratories throughout the world, and that she is one of the best examples that I know of a scientist who truly
goes from genetic and molecular approaches to studies in humans and then back again. I could then sit down
and all of you would fully understand why Dr. Kreek is so richly deserving of the Eddy Award and marvel about
how much she has accomplished. But I’'m not going to do that. Rather, I will take just a couple of more minutes
to tell you of some of the things that Mary Jeanne does in her spare time:

1) CPDD - Dr. Kreek has played a vital role in the evolution of the CPDD into a membership society. She has
served the CPDD as a member of the Board of Directors, as Chairman (President) for two years, as
Chairman of the Scientific Program Committee for 5 years, and as a member of the Long-Range Planning
Committee for two years. She is also responsible for beginning the CPDD Travel Awards Program and
many of you in this audience have that program to thank for your involvement with CPDD.

2) Federal Government - Dr. Kreek has served on numerous governmental committees. Of particular note is
her service on various FDA Advisory Committees, on the Search Committee for the Director of NIDA, on
several study sections at NIH and NIDA, on the NIDA National Advisory Council, and most recently, on the
Peer Review Oversight Group (PROG) at NIH.

3) International Groups - Dr. Kreek has been involved with several WHO committees, and with several NIH
and State Department missions. She is an extremely articulate spokesperson. Mary Jeanne has participated
in 3 Central European/USA meetings and one to China, and her contributions invariably represent one of the
highlights of each meeting.

I apologize for taking so long, but I’'m going to take one more minute from Dr. Kreek’s time to relate my favorite
Mary Jeanne story. When a team from NIDA site-visited her for her Center grant renewal a couple of years ago,
Mary Jeanne handed us a schedule that had her talking for 45 minutes. I was asked to tell her that she only had
20 minutes. I thought that she might be upset, but she just looked and me and the rest of the committee and said
“Don’t worry about it, 20 minutes is fine, I’ll just talk faster.”

When 1 stood here two years to accept the Eddy Award, I looked at the audience and saw my wife, my two
children, and my two grandchildren. Their support was a vital element in any success that I achieved and I was
thrilled to see how proud they were that day. Well, now I look into the audience and I see Mary Jeanne’s
husband Bob, her son Robert, and her daughter Esperance and I see that same pride. So to the three of you, I
want to say that you certainly have a right to be proud. Without any further ado, it is my great pleasure to
introduce to you the winner of the 1999 Nathan B. Eddy Award for Research in the field of drug abuse - the
irrepressible and dynamic Dr. Mary Jeanne Kreek.



NATHAN B. EDDY MEMORIAL AWARD LECTURE

M.J. Kreek
The Rockefeller University, New York, NY
OPIATES, OPIOIDS, SNP’S AND THE ADDICTIONS

I am deeply honored to receive the Nathan B. Eddy Memorial Award for Lifetime Excellence in Drug Abuse
Research from the College on Problems of Drug Dependence. I wish to thank so many people here: the
President, Billy Martin; all the other officers and the Board of Directors of CPDD; Marty Adler, the Executive
Officer of CPDD and a scientific colleague; his wonderful wife, Toby; Ellen Geller who has been so supportive
of all our work in this organization; the Awards Committee, all those who supported this nomination; and all of
CPDD. I am very moved and honored by this award.

I would like to recognize the incredible input of my late parents. My mother used to teach me, “Do whatever you
do with excellence, if possible,” and my father simply would say “Do anything you want to do - you can do it!” I
would also like to acknowledge my own wonderful family who have given endearing support and loyalty: my
husband for almost 30 years, Bob, my son, Robert, who is now a lawyer in New York and my daughter,
Esperance, who is going into her senior year at Yale majoring in molecular and neurobiology, an unusual field to
choose! I would also like to recognize my entire laboratory - past, present and future - and all of you who are my
adopted laboratory children whom I did not really mentor, but whom I pretend like I did, and that is, all of the
Travel Awardees of CPDD.

I also need to acknowledge those who taught me science. The late Frederic Bartter at the NIH, an
endocrinologist who taught me to respect clinical research and related laboratory research; Donald Tapley at
Columbia P & S who taught me bench work in metabolism, and the importance of hormones in anything we
studied; Marvin Schleisenger and Graham Jeffries at Cornell - New York Hospital who taught me hepatology
and gastroenterology, both clinically and at the bench; and Vincent Dole at Rockefeller who taught me how to
approach a brand new problem (about which both he and I knew nothing, but we both were mentored by the late
Marie Nyswander).

I also want to acknowledge the very early supporters of our work, specifically those who supported our addictive
disease research in the 1960s - Eric Simon, Jack Fishman and Enoch Gordis, while he was doing his work at the

Rockefeller University. When I was first introduced to CPDD, it was the mid-1970s and those who welcomed
me initially were Marty Adler, Beny Primm, Louis Harris, Bill Dewey and Joe Brady, and those who welcomed
me to INRC were Eddie Way and the late Hans Kosterlitz. Four people were very supportive of the initiation of
my work at Rockefeller, and they were intriguingly the discoverer of DNA’s role in genetics, Maclyn McCarty,

two Noble Laureate chemists, Bruce Merrifield and the late Stanford Moore, and the theoretical physicist,
Abraham Pais - none of whom had any involvement in research related to drugs of abuse, and who never brought
ideology to our work, but only appreciated the science and the need for that science.

I also want to acknowledge many from NIDA, specifically, my first grants management person, Monique
Braude, who told me I had to go to CPDD and I had to go to INRC. She was right. Next, Jack Blaine and the late
Pierre Renault, who were my early grants management people, and Joe Frascella and Harold Gordon who have
subsequently taken over some of those roles, along with Steve Zukin; and the three most recent Directors or
Acting Directors of NIDA, Bob Schuster and his entire team, Dick Millstein and his entire team, and Alan
Leshner and his entire team. NIDA has been my major source of funding since 1975, with continuous support
with many grants over many years, and providing us with great appreciation of both the work that our group
does, but also, the mutual excitement in sharing with us our own science. And then, I would like to acknowledge
our six presidents of the Rockefeller University who, in my research lifetime, have supported, or at least allowed
us to continue, over many years, our research, and especially, the two most recent Presidents, Torsten Wiesel,
our new President Emeritus, and our new President, Arnold Levine, who have been enormously supportive of
our endeavors.



I present a picture of my family, taken when I first got involved in CPDD. You can see the thrill and expectation
going up and down that flume ride and getting wet, and a lot of challenges going around comers. Esperance and
Robert were a bit smaller then and my hair was a slightly different color, but in fact, the thrill of starting
involvement deeply in CPDD began around 1982 when I was elected to go on the then-Executive Committee
(now Board of Directors).

One of my activities on the Board was to ask if we could get a history of the early days because I did not know it
well and I suspected that others also did not. A wonderful history of CPDD, which I recommend to you all, was
written by Everette May and Art Jacobson, and published in 1989 in our Drug and Alcohol Dependence journal.
In the preface, there is a statement which, in fact, I always have to refresh in my own memory, that CPDD has its
origins in the committee which was chaired by the son of the founder of our University, John D. Rockefeller, Jr.,
in 1913. Rockefeller said that it was essential to create a committee on drug addiction in New York. Later, in
fact, Nathan B. Eddy was commissioned to do a major report for that committee.

I became chairman (now called President) of CPDD in 1985 (through 1987) and I looked forward to working
with Joe Cochin, the Executive Secretary (now Officer). A tragedy occurred; Joe passed away at the very
beginning of my office. It was a difficult time from many standpoints, emotionally and administratively, but
because of this wonderful crew of people who pulled together, including one who was in the year to emerge as
the new Executive Officer, Marty Adler, we had a very successful year. With Ted Cicero and with Marty, we
plotted from that moment onward to create a membership organization, and with Bill Dewey and others, we
planned to both broaden and deepen the scientific basis of the scientific programs, and with the help of Lou
Harris, we were able to do so in a wonderful way. It was from Lou Harris that I learned how to run a scientific
program (which I did as Scientific Program Chairman from 1990-1995). Beny Primm, Joe Brady, Ray Houde,
the late Keith Killam and many others were part of our wonderful Board at that time and they are treasured
friends of mine, as is everyone in this organization.

As you already heard from Marty Adler, the one thing about CPDD that I think I am personally most proud of is
the Travel Awards Program which I decided, in 1983, should exist. The entire Board accepted this concept. The
first awards were created in 1984. You know who you are (and you cannot read it on the slide), but these are all
the Travel Awardees from 1984 up through last year, and the track record of this group is absolutely outstanding,
better than the track record from any follow-up study of any group of young professionals of which I am aware.

This is my laboratory, a picture taken after a stressful occasion two years ago, of my laboratory and also many
other members of my Center. That day, our part (of a major site visit) was at an end, and we all got outside and
said “We’ll get a picture now.” This is a listing of my current Center and Laboratory. I want to highlight three
people on and off this list, two of whom are in this room, Dr. Ann Ho who joined our group in late 1964, Dr.
Joyce Lowinson who is here and joined the original team later in the 1960s and Dr. Elizabeth Khuri who joined
our group in late 1969. We have had long-staying power with many of our collaborators!

L. EARLY TREATMENT RESEARCH: DEVELOPMENT OF METHADONE MAINTENANCE
TREATMENT AND RELATED STUDIES OF MECHANISMS AND PHYSIOLOGICAL
EFFECTS OF OPIOIDS

My laboratory research in the addictive diseases began in 1964, (really, the autumn of 1963). The first epic was
early treatment research that spanned late 1963 to 1978, but also, goes on right to this day. The initial research,
which we engaged in, was work that was precipitated by Vincent Dole working with the late Lewis Thomas on a
Health Research Council of the City of New York subcommittee. Dole and Thomas recognized heroin addiction
as the leading medical and public health problem that was not being well addressed clinically and scientifically,
and also, with so few research teams involved in related laboratory research, with the exception of USPHS
facility at Lexington, and a few other groups, and thus, the urgent need for scientific input into this area
specifically.

At that time, Dole decided to change his own Laboratory at the Rockefeller University to the studies of addictive
diseases. He approached the President of Rockefeller University (the late Detlov Bronk) and asked if he could



have two first year Medical Residents to come and do research at the Rockefeller University. With Bronk’s
approval, Dole came over to Cornell University - New York Hospital. There was no research elective for
clinical Residents at Rockefeller at that time. The Chairman of Medicine (the late Hugh Luckey) thought this
was a great idea, but could spare only one person, not two as requested. Dole interviewed all eighteen of the
First Year Residents in Internal Medicine (“PGY2”), two were chosen by Dole, and the Chairman of Medicine
chose me, (and yes, ladies in the audience, it was reverse discrimination because I was the only woman in sight
in that hospital at that time).

Our initial, newly coalesced team (Professor V.P. Dole, joined by the late Marie Nyswander, a psychiatrist, and
myself) hypothesized in 1963, when we were planning the work which we initiated in early 1964, that heroin
addiction is a disease - a metabolic disease of the brain - with resultant behaviors and continued self-
administration despite negative consequences to self and others, and that heroin addiction is not simply a
criminal behavior, antisocial personality or some other personality disorder (Dole et al. 1966a). We based this
primarily on the many published reports as well as other available information on the lack of success of drug-
free, abstinence-based approaches, even when excellent behavior modification or psychiatric care was applied.

Dole and I were novices in this field. Marie Nyswander had worked for many years at Lexington and Bellevue
and she sent us out to the streets and to the “detoxification” centers to interview heroin addicts. Our first
diagram (published in 1966) is one depicting the life of the heroin addict, characterized by multiple daily self-
administrations of the short-acting opiate, heroin, first to gain a “high,” or euphoria, but in time, simply to
prevent the withdrawal symptoms (with the development of tolerance and physical dependence (Dole et al.
1966ab). We wanted to develop a pharmacotherapy to be used in combination with behavioral therapy and
counseling, a pharmacotherapy which would prevent the signs and symptoms of opiate withdrawal (or the
abstinence syndrome), would reduce drug “craving,” and one which would normalize any physiological
functions that might be disrupted by the chronic use of heroin. We also wanted to target the treatment agent to a
specific site of action; a specific receptor or a physiologic system affected or altered by chronic use of the drug
of abuse (Table 1) (Kreek 1991a, 1992a). We wanted to utilize a medication that would be orally effective, have
a slow on-set of action, long duration of action, and slow offset of action.

We selected methadone, a synthetic opioid, for the initial studies, which had been studied and modestly used for
the relief of pain, and which had been found to have similar properties to morphine in pain relief, but also found,
when given in multiple doses to naive subjects, to result in respiratory depression. These latter findings
suggested that methadone may, in fact, have, in part, some long-acting effects. Methadone had also been used at
Lexington and a few other centers including Bellevue, for the short-term detoxification of heroin addiction,
administered in multiple doses each day (since it was not recognized in these tolerant and dependent persons to
be long-acting), and for 7 to 14 days only, not in a long-term maintenance mode. Marie Nyswander had worked
as a psychiatrist at Bellevue and I had rotated through the “detoxification unit” as a medical student from
Columbia P & S; both of us had observed that methadone, even when it was not administered in its prescribed
four doses a day, would, in fact, continue to prevent signs and symptoms of opiate withdrawal or abstinence,
again suggesting its long-acting properties.

We therefore decided to study methadone, and found, indeed, that methadone was orally effective, that it had a
very desirable, slow onset of action, preventing any reinforcing effects which are coupled with a rapid rise of
plasma levels of a drug and rapid onset rate at brain sites of action. The duration of action of methadone was
clinically observed by our team to be quite long, in fact, in preventing withdrawal symptoms, but also, in
preventing “drug hunger” and “drug craving,” for a 24 hour dosing interval, which was a very exciting,
additional finding (Dole et al. 1966ab). We also learned that if methadone was given at a dose that was less than
the degree of tolerance which had been developed by that individual, at any point in the dose escalation and
stabilization, there was no euphoria, no “high,” and no narcotic-like effects, and if excessive doses were given,
sleepiness would be the major side effect seen (Table 2).

Our first studies were all performed in 1964 at the Rockefeller Hospital, and reported by Dr. Dole in 1966 at the
“Old Turks” meeting, the Association of American Physicians, as well as published that same year (Dole et al.
1966ab). We knew by clinical observations of our patients in a clinical research setting that methadone could be
given orally, and one time only each day, and would both prevent all signs and symptoms of opiate withdrawal,



or abstinence, and also prevent drug craving, thus allowing patients to start to think about getting an education or
job counseling and re-establishing family and other social ties.

Also in 1964, we conducted a sequence of double-blinded, random-order, Latin-square design studies in which
each day we superimposed one additional entity, heroin, other short-acting opiates including morphine and
hydrocodone, as well as methadone itself, or saline, in one intravenous dose per day against a background of a
chronic daily dose of oral methadone. We had found that the adequate dose of methadone for most patients then,
in 1964, was 80 to 120mg a day. Therefore, we performed the “blockade,” or cross-tolerance studies, against a
daily oral dose of 100mg. When a single dose of the short-acting opiate was administered (against the
background of daily methadone treatment), we found, when the code was broken, there was no “high,” no
euphoria, or other opiate-like effects, and also no deleterious or adverse effects (Dole er al. 1966ab; Kreek
1991a, 1992a). Thus, through the mechanisms of tolerance and cross-tolerance, protection against any adverse
effect of any super-imposed short-acting opiate was provided, but also excitingly, no positive reinforcement from
a potentially “priming” dose was perceived. Thus one could have not only a pharmacotherapy which prevents
“drug hunger,” along with withdrawal, but also which allows “de-conditioning” or “extinction.”

We did not have any gas liquid chromatography or radioimmunoassay techniques yet. These studies were
performed many, many years ago (1964) in ancient history with respect to sensitive analytical chemistry! Thus,
we relied on clinical observations for both pharmacodynamics and pharmacokinetics. However, by 1972-1973
we would have gas liquid chromatography (GLC) techniques. Charles Inturrissi at Cornell (then, working solely
independently, and now, also through my Center) and my own group each developed a sensitive and specific
GLC method for measuring quantitatively levels of methadone, as well as heroin and morphine, in plasma
(Inturrisi and Verebey 1972; Kreek 1973a). We found that when a patient takes the 100mg dose of methadone
each day, there is, as we had seen clinically, a slow rise of plasma levels coupled with a slow onset of action, a
protracted duration of action, associated with sustained plasma levels, with a minimal peak effect coupled with
plasma levels, that was barely a doubling of the nadir, and sustained steady state plasma levels over a 24 hour
dosing interval (Inturrisi and Verebey 1972; Kreek 1973a). In further studies it was learned that heroin itself in
humans has a half-life of three minutes; the half-life of the first metabolite, 6-acetyl-morphine, is thirty minutes;
and the major metabolite, morphine, has a half-life of four to six hours. In contrast, racemic methadone, as given
in treatment, has a half-life of around twenty-four hours (Table 3).

My laboratory, in conjunction with the group of Klein, formerly at Argonne National Laboratories, using stable
isotope techniques with selective labeling of the two separate enantiomers of methadone, conducted studies in
methadone maintained subjects, and found that the inactive (+)(S) enantiomer has a half-life of around 16 hours
and the active (-)( R) enantiomer, a half-life of 48 hours (Table 3) (Hachey et al. 1976, 1977; Kreek et al. 1979;
Nakamura et al. 1982).

The “on-off’ effects of heroin disrupt behaviors, physiology, receptor function, and we now know, also gene
expression. In sharp contrast, the steady-state perfusion of a long-acting opioid, such as methadone (or more
recently, LAAM or the combination treatment of buprenorphine-naloxone) allows normalization of behaviors,
physiology, and receptor mediated events as well as levels of gene expression (Table 4).

In 1983, two years after the first identification of the AIDS disease, working in collaboration with the Center for
Disease Control, we used the first, second, and finally, third and reliable assay for detecting antibodies to HIV-1.
In those studies, we used bloods which we had taken prospectively from those coming in for neurobiological and
treatment research from 1969 onward (Des Jarlais ef al. 1984; Novick et al. 1986ab). What we learned was that
there was no HIV-1 positivity from 1969-1977, but in the New York City catchment area we were studying,
HIV-1 antibodies began to appear in parenteral drug abusers in 1978, and by 1981-82, over 50% of untreated
heroin addicts were HIV-1 positive - an astonishing finding! These studies were conducted in my laboratory in
1983-1984. Des Jarlais, connected to our Center, has continued to conduct similar studies, and has found that
since 1992, with the help of AIDS risk reduction education and practical efforts, the prevalence of HIV-1
infection has dropped below 50% in the parenteral drug abusing population not in treatment. (Des Jarlais et al.
1989).



At the same time that we conducted that initial AIDS study in untreated heroin addicts in 1983-1984, we were
able to look at a cohort of heroin addicts who had entered, and remained in, an effective methadone maintenance
treatment program prior to the epidemic hitting New York City in 1978. We found that only 9% were anti-HIV-
1 positive in 1984, as contrasted with 50-60% of untreated heroin addicts who were HIV-1 positive at that time
(Table 5) (Des Jarlais et al. 1984; Novick et al. 1986a). We reported this immediately in the CDC Weekly, since
a rigorous scientific or clinical peer reviewed journal publication could have taken over a year to get the
information out (Des Jarlais ef al. 1984; Novick et al. 1986a). The World Health Organization also published an
article two years later (Novick et al. 1986b). However, when I went to WHO in the summer of 1984 with this

information, the official response was, “We don’t have any heroin addiction in Europe. It is only a problem in
the U.S.“. T replied, “I do not think that it is true because we have collaborations going on in many countries,
including right here in Switzerland, in France, as well as in Denmark, and we know that you in Europe (like us)
have hepatitis B, spread by unsterile needles, because of heroin addiction” (Des Jarlais et al. 1984; Novick et al.

1986ab). Two years later, with the widespread recognition of parenteral drug abuse as the second, or even first,
risk factor for HIV-1 infection (in Europe, as well as in the U.S.A.), I was called back to the WHO and asked to
repeat my findings, and I did so, and of course, we all know what happened next, with the acceptance and
proliferation of pharmacotherapy for heroin addicts.

My laboratory and many others very early on were concerned about co-morbidity and concomitant medical
diseases in the heroin addicted population. In addition to HIV-1, which had been first reported in 1981, we had
identified that hepatitis B markers (indicating prior or active infection) were present in over 90% of untreated
heroin addicts from our prospective studies begun in 1964 up through 1985 (Borg et al. 1999; Kreek 1973b.
1978; Kreek et al. 1972, 1990a; Novick et al. 1981, 1985, 1988). As soon as hepatitis C virus was identified
and markers available, we were again able to go back to prospectively banked sera and now know that from at
least 1978 onward, hepatitis C affected over 80% untreated addicts (Novick et al. 1997). The prevalence of all
three of these viruses are now being reduced, at least in the New York City area, as a result of AIDS risk
reduction education, as well as enhanced intervention and treatment efforts (Borg ef al. 1999). Depression,
phobic disorders, anti-social personality and general anxiety disorders, our laboratory and many other groups in
this country and elsewhere have found to be very prevalent in heroin addicted populations (Mason et al. 1998).

There are now 179,000 persons in the U.S. in methadone maintenance treatment. Volunteer retention in
treatment for one year or more is 60 to 85%, and the prevalence of continuing illicit use of heroin drops to below
5 to 20% (Table 6). Methadone (as well as LAAM and buprenorphine-naloxone) prevents withdrawal
symptoms, prevents drug hunger, and blocks euphoric effects of superimposed short-acting opiates, and is
medically safe as we showed in the 1964 studies, and many others at Yale, University of Pennsylvania, and
elsewhere have replicated the findings since (Dole et al. 1966ab; Kreek 1978, 1991a, 1992a; Novick et al.
1993). Also, chronic methadone pharmacotherapy allows normalization of heroin-disrupted physiology
(Cushman and Kreek 1974ab; Kreek 1972, 1973bc, 1978, 1991a, 1992a; Kreek and Hartman 1982; Kreek et al.
1981, 1983a, 1984a). The mechanism of action of methadone is by its long-acting pharmacokinetic properties in
humans providing steady state levels of opioid effects at specific opioid receptor sites, which we now know is
the mu opioid receptor.

In 1997, Harold Varmus and Alan Leshner, Director for the National Institute of Health and Director of the
National Institute of Drug Abuse, convened the National Consensus Conference at the NIH, on “Effective
Medical Treatment of Opiate Addiction.” At that conference, after two days of presentations, the jury concluded
unequivocally that pharmacotherapy, primarily utilizing methadone (or else alternatively, LAAM or in the future,
buprenorphine-naloxone), needed to be much more widely used in treatment of heroin addiction. Medicalization
also was recognized to be essential, requiring dramatic changes of Federal regulations governing treatment
(Rettig and Yarmolinsky 1995). This consensus report was released very recently, both in JAMA and directly
from the NIH (JAMA 1998).



IL HYPOTHESES ON VULNERABILITY TO DEVELOP AND MOLECULAR
NEUROBIOLOGICAL BASIS OF ADDICTIONS: ROLE OF THE ENDOGENOUS OPIOID
SYSTEM

The second epic of our work could be said to have started in 1967 when we developed two sets of hypotheses
about the vulnerability to develop and the molecular neurobiological basis of addictions, and the related role of
the endogenous opioid system. At that time, we hypothesized that three different domains of factors could be
involved in the addictions. As you see these now, it is history, because there is ample evidence from many
laboratories, including our own, that each of these domains indeed plays a role in each major addiction. What
we hypothesized is that there could be 1) genetic factors, probably involving multiple alleles of multiple genes,
acting in concert, to increase or decrease the vulnerability to develop addiction, once self-exposed to the drug of
abuse; 2) secondly, we hypothesized that drugs of abuse might alter physiology, with or without a genetic or
early environmentally-induced vulnerability, and that these alterations in physiology might be persistent or
permanent; 3) and thirdly, we hypothesized that there would be multiple host-response factors in exposure to
drugs of abuse, including altered physiological and pathological states, as well as psychological states, the role
of conditioning and learning, “set and setting,” and a variety of other developmental and environmental factors
(Bond et al. 1998; Dole et al. 1966ab; Kreek 1972, 1973bc, 1987ab, 1991a, 1992a, 1996a).

We also hypothesized that atypical responsivity to stress and stressors may contribute to the acquisition and
persistence of and relapse to self-administration to drugs of abuse and addictions, and that such atypical stress
responsivity in some individuals may precede the use of addictive drugs, with genetic, environmental and direct
drug-effects, each contributing to this altered stress responsivity (Bond et al. 1998; Culpepper-Morgan and
Kreek 1997; Cushman and Kreek 1974b; Kreek 1972, 1973bc, 1987ab, 1992a, 1996a; Kreek and Hartman 1982;
Kreek er al. 1981, 1983a, 1984a; Schluger et al. 1998a). We also hypothesized that the endogenous opioid
system, (which was already conceptualized by Dole, and by Martin and Collier, who had always talked about
specific opioid receptors from 1963 onward, but which were not unequivocally delineated until later) playing a
central role in the addictions (Kreek 1992a, 1996ab; Kreek and Hartman 1982; Kreek et al. 1981, 1983a,
1984a; 4,26-29,33,38 In 1973, Snyder, Simon, and Terenius demonstrated that opioid receptors do exist, and
with use of increasingly selective chemical ligands, the three types of opioid and receptors were defined that
were later, in 1992 onward, cloned - the mu, delta and kappa opioid receptors. Three classes of endogenous
opioids (the enkephalins, dynorphins and beta-endorphin from proopiomelanocortin) have been defined, each
with a single gene yielding a single large peptide, which is in turn processed to several biologically active
peptides. A new fourth class of endogenous opioids (the endomorphins) has been characterized, but their parent
peptide has not been identified and the gene encoding these peptides not yet cloned.

Heroin acts primarily on the endogenous opioid system, but also affects other systems, including the
dopaminergic system, through inhibition of the normal GABAergic inhibitory control, primarily in the ventral
tegmental area. Cocaine acts primarily on the presynaptic reuptake transporter of dopamine, as well as at the
reuptake transporters of serotonin and norepinephrine, but we hypothesized and now many groups, including
ours, have shown that cocaine also affects the endogenous opioid system. Alcohol affects both the dopaminergic
and opioid systems, as well as the serotonergic, noradrenergic, GABAergic, and excitatory amino acid
neurotransmitter systems. There are similarities and there are also differences in each of these drug actions.
Dopaminergic neurons in the substantia nigra which projects to the caudate putamen regions of the striatum, or
the nigrostriatal system, and a second mesolimbic-mesocortical dopaminergic system, which has dopaminergic
neurons in the ventral tegmental area projects to, with dopamine release, in the nucleus accumbens, as well as in
the amygdala and in the anterior cingulate and in some other regions, are impacted upon by drugs of abuse and
play a role in their effects. A third dopaminergic system is the tuberoinfindibular dopaminergic system, which
also is affected. In each case, we have hypothesized and have documented that there may be linkages with the
endogenous opioid system, and these linkages may, in fact, both contribute to the development, continuation of
and relapse to addiction and drug use.

In the early work of our NIH-NIDA Center, we modified existing solution hybridization mRNAse protection
assay techniques to be more sensitive and more quantitative, by using larger riboprobes and by using a more
stable internal standard that is not affected by aging or drugs of abuse. By bringing the tools of analytical
chemistry and by using both sense and anti-sense probes to construct calibration curves, after establishing the



major hybridized species on gels, we use TCA precipitation and quantitation of hybridization products for better
throughput, a methological approach worked on by Inturrisi, Branch, Robertson, Spangler, LaForge and Yuferov
and others in our Center (Branch et al. 1992; Pham ef al. 1998; Spangler ef al. 1993a, 1996a). We then went
back to re-map the brain with respect to precise levels of opioid peptide and receptor gene expression, expressed
in picograms/per microgram or molar equivalent of mRNA, for genes of interest compared to an internal
standard. In work done by Spangler, Yuferov, LaForge, Unterwald, Branch, Zhou and others, we found that
proenkephalin and prodynorphin and mu, kappa and delta opioid receptor (and also, orphan opioid-like
receptors) gene expression is abundant in these very areas of abundant dopaminergic terminals from both the
nigrostriatal and mesolimbic-mesocorticol dopaminergic systems, the caudate putamen, nucleus accumbens,
amygdala and anterior cingulate (Branch et al. 1992; LaForge et al. 1995, 1997; Peluso et al. 1998; Pham et al.
1998; Spangler et al. 1993a, 1995; 1996ab, 1997a; Yuferov et al. 1996, 1999).

Recently, Wang and Spangler and colleagues in our group have shown that subacute intermittent morphine
increases preprodynorphin and kappa opioid receptor mRNA levels in rat brain significantly (Wang et al. 1999).
In other related work, Zhou and colleagues in our group has found that intermittent short-acting morphine
administration also alters gene expression (mMRNA levels) of important peptides and steroids of the stress
responsive axis (Zhou et al. 1999a).

III. ROLE OF ATYPICAL RESPONSIVITY TO STRESSORS IN THE DEVELOPMENT OF,
PERSISTENCE OF AND RELAPSE TO ADDICTIVE AGENTS: THE RELATED ROLE OF
THE ENDOGENOUS OPIOID SYSTEM

The next epic of our work could also be said to have begun in 1967, with first reports in 1972 and 1973 and
continuing in the 1980s using new, improved analytical techniques then available and right through the present
day, including in vivo studies in humans and in animal models (Culpepper-Morgan and Kreek 1997; Cushman
and Kreek 1974b; Kennedy ef al. 1990; Kosten et al. 1986ab, 1987, 1992; Kreek 1972, 1973bc, 1978, 1992a,
1996b; Kreek and Hartman 1982; Kreek ef al. 1981, 1983a, 1984ab; Rosen ef al. 1995, 1996; Samyai et al.
1998ab; Spangler et al. 1997b; Zhou et al. 1996abc, 1999b). We conducted studies directly asking the question
of the potential role of atypical responsivity to stressors in the development, persistence and relapse to addictions
and the involvement of the endogenous opioid system. One aspect of the stress responsive axis (but only one
part) a part which we can study in humans is the hypothalamic-pituitary-adrenal axis, with CRF released from the
hypothalamus acting to drive the production and release of proopiomelanacortin peptides (POMC), beta-
endorphin and adrenocorticotropin (ACTH) with the ACTH acting at the adrenal cortex to enhance release of
cortisol, which then acts with negative feedback modulation at both the hypothalamus and the anterior-pituitary.
We hypothesized (and there were various early findings that supported this hypothesis), that the endogenous
opioids might also tonically modulate, through chronic inhibition, this stress responsive HPA axis, both at the
hypothalamic and anterior pituitary sites of action.

In our early clinical research, started in 1964 with our prospective studies and then intensified from 1967
onward, we found that in humans, short-acting opiates, such as heroin both on an acute and on chronic basis,
suppress the HPA axis in humans (whereas in contrast, short-acting opiates activate this axis acutely in rodents)
Krreek 1972, 1973bcd, 1975, 1978, 1979, 1983, 1992a, 1996b; Stimmel and Kreek 1975ab). Methadone
maintenance allows normalization of that HPA axis, with normal levels and normal circadian rhythm of the
hormones of that axis (Cushman and Kreek 1974b, Kreek 1972, 1973bcd, 1975, 1978, 1992a, 1996b; Kreek et
al. 1981, 1983a, 1984a; Zhou et al. 1996¢). In contrast, opiate withdrawal is occurring three to six times each
day in active heroin addicts, and is characterized by activation of the HPA axis (Cushman and Kreek 1974b;
Kreek 1992a, 1996b; Stimmel and Kreek 1975ab). In more recent studies by Kennedy, in my laboratory, as well
as other studies in collaboration with Kosten and colleagues, and most recently, in studies by Culpepper-Morgan,
we have found that opiate withdrawal is, in fact, preceded by activation of the HPA axis (Culpepper-Morgan and
Kreek 1997; Kennedy et al. 1990; Rosen er al. 1995, 1996). The signs and symptoms of objective withdrawal
are actually preceded by elevation of hormones of this axis, which then may contribute to the abstinence
syndrome. Our group and others also have shown that opioid antagonists, both in healthy subjects, as well as
those with addictive disease, activate this axis, as does cocaine, and the acute and chronic administration of
alcohol, in humans, and animal models (Albeck et al. 1989; Chou et al. 1993; Culpepper-Morgan et al. 1992;
Farren et al. 1999; Hahn et al. 1983; Hartman et al. 1983; Kosten et al. 1986ab; Kreek 1975, 1981a, 1984b,



1986; 1987a, 1990a, 1992b, 1996¢cd; 1997a; Kreek and Culpepper-Morgan 1991; Kreek and Koob 1998; Kreek
et al. 1983bc; Ragavan er al. 1983; Rosen et al. 1995, 1996, Schluger et al. 1998a; Spangler et al. 1997b;
Unterwald et al. 1994a, 1997; Zhou et al. 1996ab). Zhou and Unterwald, in our group, have shown that
methadone, which has a half-life of 60 minutes in a mouse and 90 minutes in a rat, thus needing to be
administered by pump to achieve steady state, when thus administered, results in no disruption of stress
responsive gene expression or of hormone levels, in sharp contrast to intermittent morphine (Burnstein et al.
1980; Kreek 1981b, Unterwald et al. 1995; Zhou et al. 1996¢).

There are three opioid antagonists which can be introduced in clinical research studies: naloxone, naltrexone,
and more recently, nalmefene. These have different pharmacokinetic profiles, as well as metabolic profiles.
Naloxone has minimal systemic bioavailability after oral administration; early findings in our group from studies
of a methadone-naloxone oral combination led to the recognition of the ability to combine naloxone with
buprenorphine for a combination product to prevent a potential parenteral abuse liability of buprenorphine. We

actually reported in 1973 on an orally administered naloxone-methadone combination, but which was not needed
in therapeutics because methadone has a very limited parenteral abuse liability (Kreek 1973). The half-life of
naloxone is one to two hours in humans and less than 2% systemic bioavailability after oral administration
(Albeck et al. 1989; Chou et al. 1993; Culpepper-Morgan et al. 1992, 1995; Farren et al. 1999; Hahn ef al.

1983; Kreek ef al. 1983bc, Rosen et al. 1995, 1996; Schluger et al. 1998a). Naltrexone has greater systemic

bioavailability (20% to 30%) because of rapid plasma production and tissue binding and a half-life of 5 to 6
hours in humans (Farren et al. 1999; King et al. 1997; Kosten et al. 1986, 1987, 1992; Kreek 1975, 1983,

1996d; Kreek et al. 1984b; Schluger ef al. 1998a; Unterwald et al. 1997). Nalmefene has even greater systemic

bioavailability (over 70%) after oral administration, with a half-life of 8 to 9 hours (Chou ef al. 1993; Schluger

et al. 1998a). Two of these antagonists, naloxone and naimefene, are cleared by glucuronidation; the third,

naltrexone, by oxidative metabolism. Using human brain membranes, it has been recently shown by Emerson
that, similar to findings in rodent membranes, naloxone, nalmefene, and naltrexone act primarily at mu opioid
receptors; however, different from the rodents, both nalmefene and naltrexone have appreciable action, with high
affinity, at kappa opioid receptors, whereas naloxone does not; and all three have very limited binding on action
at the delta opioid receptors (Emerson et al. 1994).

Recently, Schluger in our group took advantage of this difference in opioid receptor afftnities and compared the
effects of intravenously administered naloxone and nalmefene in healthy human volunteers (Schluger et al.
1998a). He has found that both high (10 mg) and very high (30mg) of naloxone significantly activate POMC
peptides as measured here by plasma ACTH levels, as well as peripherally, cortisol levels. Nalmefene at high
(10 mg) and very high (30mg) doses delivered intravenously had a highly significantly, greater activation of
POMC peptides, as well as cortisol, than did naloxone, also administered at maximally effective doses,
suggesting that the tonic inhibition at hypothalamic-pituitary sites is both by kappa - directed dynorphin opioid
peptides, as well as mu opioid receptor directed endogenous opioids, probably primarily beta endorphin and
met-enkephalin-arg-phe. These studies have shown that not only do the glucocorticoids (cortisol in man and
corticosterone in rat and mouse), but also endogenous opioids of both mu and kappa receptor directed types play
a role in the normal tonic regulation of the HPA axis.

Metyrapone is a compound which blocks the 11-beta-hydroxylation, the last step of cortisol synthesis, and in
humans, more dramatically so than in rodent model, thus, abruptly, significantly reducing even basal levels of the
glucocorticoid (in humans), cortisol. We started using this compound in 1967 studies using an older protocol of
multiple oral doses of metyrapone, with measuring the three day, 24 hour urinary excretion of the precursors of
cortisol as the end point (Cushman and Kreek 1974; Kreek 1972, 1973bc, 1978). More recently, we have
conducted studies using a single dose of metyrapone and measuring directly the neuropeptides ACTH and beta-
endorphin in peripheral blood (Kennedy et al. 1990; Kreek 1992a; 1996ab; Kreek et al. 1984a; Schluger et al.
1998b). When metyrapone is given, there is a sudden drop in cortisol levels, leaving only the endogenous
opioids to tonically inhibit release of CRF and in turn, the POMC peptides, beta-endorphin and ACTH from the
anterior pituitary. We have shown in our earlier studies, and redocumented in our more recent studies using the
single dose test in heroin addicts, that there is a hypo-responsivity to this chemically induced stress (Cushman
and Kreek 1974b; Kreek 1972, 1973bc, 1992c). In methadone maintained, former heroin addicts there is
euresponsivity (Cushman and Kreek 1974b; Kreek 1972, 1973bc, 1992a; Kreek er al. 1984a). In drug-free
former opiate dependent persons, who are not receiving any kind of medication and not using any illicit drugs,
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we found in the mid-80’s, provocatively, a hyper-responsivity to this chemically-induced stressor (Kreek er al.
1984a). Very recently, we have found a similar hyper-responsivity in recently abstinent cocaine addicts
(Schluger et al. 1998b). These two findings suggest a relatively inadequate endogenous opioid tone in both
abstinent former heroin addicts not receiving opioid agonist pharmacotherapy, and in recently abstinent cocaine
addicts, leading to an inability to counter-regulate by the opioids in the HP part of the HPA axis.

Methadone maintenance treatment, we have found, allows normalization of stress responsivity in the HPA axis,
the POMC peptides, as well as cortisol and circadian rhythm thereof, and in animal models also of that part of
stress responsivity other than the HPA axis, that is, in the amygdala and the prefrontal cortex, as well as other
regions (Kreek 1992, 1996abc, 1997b; Kreek and Koob 1998; Zhou et al. 1996¢).

Also, not to be discussed today, our group and others have found normalization of reproductive biology. Along
with the groups of Mendelson and Cicero and others, we have found that the disruption by short-acting opiates
such as heroin, becomes normal during extended methadone maintenance treatment (Cushman and Kreek 1974a;
Kreek 1978, 1983).

Also, not to be discussed further today, but mentioned by Dr. Adler, we have found that natural killer cell
activity, which is profoundly altered (reduced) in active heroin addicts, becomes normal in steady dose
methadone maintained patients. We have gone on to show at the bench, as many other groups now have, the
impact of endogenous versus exogenous opiates, especially the on-off effects of short-acting exogenous opiates
and also of alcohol on specific parameters of immune function either in vivo or in vitro (Bodner et al. 1998;
Kreek 1990bcd, 1991b; Novick and Kreek 1992; Novick et al. 1989, 1991; Ochshorn-Adelson et al. 1990,
1994ab).

IV.  MOLECULAR NEUROBIOLOGICAL BASIS OF COCAINE ABUSE AND ADDICTION

The fourth epic of our work began in 1986 after I made the determination, based on our clinical findings, that so
many heroin addicts at that time had co-dependency with cocaine. The cocaine epidemic had soared from 1970
to 1985. In 1985, “crack’ or “free base” cocaine surfaced in New York, and the numbers of those abusing and
addicted to cocaine increased even further. We found large numbers of persons who started with cocaine
addiction turned to opiate addiction, with opiate use as self-medication for some of the side effects of cocaine,
and many cocaine abusers or addicts developing opiate addiction. By the mid-80s over 70% of all heroin
addicts entering methadone maintenance, or other pharmacotherapy treatments, were in fact co-dependent with
cocaine (Borg et al. 1999; Kreek 1987a). Dopamine, and also serotonin and norepinephrine, are involved in
primary action of cocaine, with cocaine’s action to block all three neurotransmitter transporters, causing
enhancement in monoamine neurotransmitters in the perisynaptic region, with resultant enhanced activation of
D1, D2 and D3-5 dopamine receptors when they are present in a specific brain region. An opposing effect on
the adenylyl cyclase and other single transduction mechanisms, is found because these different dopamine
receptors may differentially increase or decrease adrenal cyclase (Unterwald et al. 1996).

In our laboratory, we developed, in the rat, a “binge” pattern model of cocaine abuse, since this is the pattern
most commonly used by human abusers and addicts of cocaine. In this particular model, three doses of cocaine
are administered one hour apart, and then no other cocaine for the remainder of the 24 hours (Branch et al. 1992;
Unterwald et al. 1992). Using the technique of microdialysis in freely moving animals, Maisonneuve in our
group has determined that the levels of dopamine after one day of “binge” pattern cocaine (Maisonneuve and
Kreek 1994). We found, as many previous investigators had found, there is a prompt rise of dopamine levels in
extracellular fluid after each one of the three doses of cocaine, with levels of dopamine becoming escalated in
parallel with levels of cocaine in those brain regions which we measured, both in the caudate putamen, as well as
the brain region which has been linked with the reinforcing effects of drugs of abuse, the nucleus accumbens
(Maisonneuve and Kreek 1994). However, after 14 days of “binge” pattern cocaine administration, we found
three very intriguing things (Maisonneuve et al. 1995). First, the extracellular levels of dopamine at baseline
were significantly lower than in animals who had received cocaine on a chronic basis. Secondly, after each dose
of cocaine, the actual extracellular levels of dopamine that were achieved were less than after the first exposure
to cocaine. Thirdly, the amplitude of rise in extracellular dopamine levels was just as great as after the first day
of “binge” doses of cocaine. It is intriguing to think that these lower levels of dopamine after chronic use, at both
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basal time points and after cocaine administration, may contribute to what the addict tells us, the need to take
increasing amounts of cocaine to attempt to achieve a “high” or euphoria, and that the first “high” was greater
than all subsequent “highs.”

Ho and Unterwald conducted parallel locomotor activity studies in the rat model of “binge” pattern cocaine

administration, with all studies conducted in home cage, in a stress-minimized environment to minimize novelty
and cueing effects (Unterwald et al. 1994b). We found that acutely, every dose of cocaine activates levels of
locomotor activity, and chronically, even with regular daily administration of this “binge,” irregular pattern of
administration, sensitization clearly had occurred (Unterwald ef al. 1994b). Quinones-Jenab in our group has

recently shown that female rats respond even more rigorously and with a more disruptive, almost sensitized-type
pattern, than do male rats following acute “binge” pattern cocaine administration and has shown in further

studies that this happens primarily during the estrous phase of the menstrual cycle (Quinones-Jenab ef al. 1999).

Thus, in these and other studies in female rats, there is evidence that this interaction of the estrogen hormones

plays a role in response to cocaine (Quinones-Jenab ef al. 1997). Ho and Schlussman are getting increasingly
involved in studies in transgenic and “knock-out” mice models (Schlussman et al. 1998). They have studied the
129 strain mice that contributes most of the embryonic stem cells used in the constructs for transgenic mice, and
their response to “binge” pattern cocaine (Schlussman et al. 1998). Very little locomotor response for cocaine is

observed in the 129-J strain of mice studied as contrasted to C57BL/6J strain often used as breeding pairs which
showed a very dramatic response to cocaine again, with all studies conducted in home cage.

We were able early on to conduct the first studies in living rats using selective radiolabeled ligands both for the
D1 and D2 dopamine receptors using positron emission tomography (PET) technology modified for selective
ligand studies on rats (Kreuter ef al. 1998; Maggos ef al. 1998; Tsukada et al. 1996; Unterwald ef al. 1997). We
took our scientists to Japan to work with the group at Hamamatsu who developed a PET machine with around 2
mm resolution, thus allowing quantitation in the rat striatum taken as a whole. Maggos, Schlussman, Kreuter
and Tsukada and others working on this project found that acute or subacute cocaine administration does not
alter either D1 or D2 dopamine receptors (Tsukada ef al. 1996). After seven days of “binge” pattern cocaine,
there is also a significant lowering or reduction in binding at D1 sites which persists at 14 days; and after 14 days
of “binge” pattern administration, there is also a significant reduction at D2 sites (Tsukada ef al. 1996). The D2
receptors have been shown by Volkow to be reduced in human cocaine addicts during early and protracted
abstinence (Volkow ef al. 1993). Studies are yet to be performed in D1 dopamine receptors in human cocaine
addicts. In a sequence of two more sets of studies, we went back to Japan with our neuroscientists and asked the
question “How long does it take to recover?” In fact, with respect to both the D1 dopamine site and the D2
dopamine sites, Maggos, Kreuter and Schlussman found that it takes longer to recover than to cause the problem
of dopamine receptor “down regulation,” with no recovery at either D1 or D2 dopamine receptor at one day;
after ten days the D1 dopamine receptor sites recover back to normal binding, and after 21 days recovery to
normal binding potential at the D2 sites occurs (Maggos et al. 1998; Kreuter ef al. 1998).

Perret and Schluger in our group have shown that chronic “binge” pattern cocaine administration causes
significant alterations in SHTIA serotonergic receptors, specifically in the dentate gyrus and in the ventral
medial hypothalamus, now linked with depression (Perret ef al. 1998).

Unterwald in 1992 first reported that cocaine, administered in a “binge” pattern for over 14 days significantly
increases mu opioid receptor density; specifically, chronic cocaine administration alters mu opioid receptor
expression in regions of the dopaminergic terminals in the caudate putamen, the nucleus accumbens, the
amygdala and the anterior cingulate (Unterwald et al. 1992). Importantly, Zubieta, Gorelick, Frost and
colleagues at Hopkins in studies a few years later showed that in recently abstinent human cocaine addicts, there
is a similar increase in human mu opioid receptor density in several specific regions of the brain as measured by
PET, again, those with the mesolimbic-mesocorticol dopaminergic system terminals (Zubieta et al. 1996).
Yuferov in our group very recently, along with the group of Cox, has reported that acute “binge” pattern cocaine
causes increases in mu opioid receptor mRNA levels and again in the nucleus accumbens, the amygdala and the
prefrontal cortex, the areas seen, again and again, to be involved in many of these responses to cocaine (Azaryan
et al. 1996ab; Yuferov et al. 1999).
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Unterwald went on to show that chronic “binge” pattern cocaine administration causes increases in kappa opioid
receptor density and again, in the dopaminergic terminal fields - the caudate putamen, nucleus accumbens, and
also anterior cingulate, where the dopaminergic terminals exists.

At this meeting several years ago, Zhou reported and continues to build upon the findings that “binge” pattern

cocaine administration causes changes in gene expression (of quantitative mRNA levels) of CRF, with
significant increases on the first day, but intriguingly, after 14 days, an actual reduction of gene expression of
CRF (Zhou et al. 1996). Like many groups, he found that acutely and subacutely cocaine enhances ACTH levels

and corticosterone levels, but intriguingly, after chronic cocaine administration, he discovered that although

ACTH and corticosterone levels are still elevated, they are significantly less elevated than after acute and
subacute administration, making it very clear that tolerance occurs with respect to the chronic “binge” pattern

administration effects on activating the stress responsive axis, a finding recently confirmed in humans by the

Mendelson-Mello group (Mendelson et al. 1998; Zhou et al. 1996). Spangler, Zhou and Schlussman also found
that either D1 or D2 dopamine receptor selective antagonists would block the cocaine activation of the HPA axis

hormones (Spangler et al. 1997b). Very recently, in collaboration with Greengard’s group at Rockefeller using

the DARPP32 “knock-out” mouse model (DARPP32 being a signal transduction pathway primarily for D1 type

dopamine receptors, but also D2) we find an attenuation of both ACTH and corticosterone elevations following
“binge” pattern cocaine administration in the DARPP32 deleted mice (Zhou et al. 1999b).

At this CPDD meeting in 1992, Spangler, using the “binge” pattern cocaine administration model, and McGinty
using the self-administration model, in rats both reported that chronic cocaine significantly enhances
preprodynorphin gene expression in the caudate putamen (Daunais and McGinty 1995; Spangler e al. 1993ab).
Spangler has gone on to show that both acute, subacute and chronic intermittent “binge” pattern cocaine
administration causes significant increases in preprodynorphin gene expression (mRNA levels) and thus, this is a
persistent effort (Spangler et al. 1996b, 1997a). Spangler has gone on to show that in the substantia nigra, the
brain region which would be expected to get the greatest load of dynorphin peptides from the enhancement of
dynorphin gene expression in the striatum, through the striatonigral pathway, one sees a significant reduction in
kappa opioid receptor gene expression (Spangler et al. 1996a). Thus, a negative feedback mode, regulated by
dynorphin acting at kappa opioid receptors exists, initially caused by cocaine-induced activation of D1 dopamine
receptors. Thus, increased dynorphin gene expression during cocaine administration results in a full counter-
regulatory mechanism (involving also adenylyl cyclase mediated signal transduction) (Claye et al. 1996).
Spangler and Maggos have gone on to show that D1, but not D2 dopamine antagonist will block the cocaine-
induced increase in dynorphin mRNA levels, with no effect on dopamine transporter (DAT) mRNA levels
(Maggos et al. 1997; Spangler et al. 1996b).

Building on the earlier work of Spanagel and Shippenberg; studying the effects of synthetic kappa opioid
receptor ligands, and Claye in our group has found that the natural opioid, dynorphin A, ;;, directed at kappa
opioid receptors when instilled into the nucleus accumbens, using techniques of microdialysis, causes a
significant reduction in basal dopamine levels in freely moving rats (Claye et al. 1997).

The hypothalamic-prolactin axis in humans is a promptly accessible window into dopaminergic tone, specifically
the dopaminergic tone in the tuberoinfindibular dopaminergic system. In humans, dopamine essentially
exclusively controls through tonic inhibition, the release of prolactin by the pituitary lactotopes. We
hypothesized, based on our very early work, that kappa as well as mu opioid receptor ligands may regulate this
system. We had found that during chronic methadone maintenance treatment, in fact, the prolactin release
enhancing effect of the long-acting synthetic opioid, though levels not into the abnormal range, is the one mu
opioid receptor effect to which tolerance does not develop (Kreek 1978). Therefore, we hypothesized that
dynorphin A,_;, a shortened version of dynorphin A, ;;, but a natural sequence, by acting directly or indirectly
to lower dopaminergic tone, might cause an elevation of serum prolactin levels (King et al. 1999; Kreek et al.
1994, 1999). Using matrix assisted laser-desorption-mass spectrometry, in collaboration with the Rockefeller
laboratory of Chait, we have developed a technology for measuring the kinetics of dynorphin and dynorphin
analogs and found that dynorphin A,_j5is is probably transformed in humans more rapidly than dynorphin A,
but nevertheless, has substantial biological activity (Chou et al. 1994, 1996; Kreek et al. 1999; Yu et al.
1996ab). We then went on to study healthy volunteers with no history of drug abuse or addiction. When
dynorphin A, ;, at low dose or high dose, is given intravenously, there is a prompt rise in serum prolactin levels,
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which then returns to baseline within 90 minutes (Kreek et al. 1999). We also found that this is a mu, but also a
kappa opioid receptor-mediated event, since naloxone will attenuate this prolactin release effected by dynorphin,
but nalmefene, an opioid antagonist that has both mu and kappa opioid receptor directed action, has an even
greater attenuation effect (Kreek et al. 1999).

Butelman in our group, working in the female rhesus monkey, also has shown that natural dynorphin A,_;; causes
rapid rise in prolactin, whereas the major biotransformation product of dynorphin in man and in monkey,
dynorphin A, ;, a non-opioid peptide, has no effect on prolactin release (Butelman et al. 1999c). Thus,
dopaminergic tone in the tuberoinfindibular system is reduced by the natural peptide dynorphin action at kappa
opioid receptors. Also, dopaminergic tone reduction, as evidenced by elevations in serum prolactin levels as
observed after administration of the commonly studied synthetic kappa agonists, has been observed after
administration of Eisai-2078 a peptide that has primarily kappa opioid activity. We suggest that this synthetic
peptide, which passes the blood brain barrier, could be a prototype for a therapeutic agent to modulate
dopaminergic tone to deter stimulant abuse, and also possibly to manage heroin addiction and chronic pain
(Butelman et al. 1999bc; Portenoy et al. 1999; Specker et al. 1998; Yu et al. 1997ab).

V. HUMAN MOLECULAR GENETICS AND THE ADDICTIONS: POSSIBLE ROLE OF ALLELIC
VARIANTS IN INDIVIDUAL DIFFERENCES IN RESPONSES RELATED TO OPIOIDS

The last epic of our work began in 1994 when we began to ask the question of the role of human molecular
genetics in the addictions, and the role of any observed polymorphisms in response to drugs of abuse. We have
hypothesized that single nucleotide polymorphisms (SNP’s) might exist which, with or without consequences,
can serve as markers for the genetic basis of the addictions, and which, if present in coding regions, might result
in amino acid residue changes which, in turn, could result in changes in receptor function. We have now found,
in studies done in collaboration over the last five years with the group of Lei Yu, then at Indiana University, and
now at Cincinnati University, five different single nucleotide polymorphisms within the coding region of the
human mu opioid receptor gene (Bond ef al. 1998). Three of these result in amino acid changes; two of these
which result in amino acid changes are very high allelic frequency of 10.5 and 6.6% respectively (Bond et al.
1998). We have gone on to examine possible allele associations of these, with the collaboration of Ott and Leal
at the Rockefeller University, both statistical geneticists. There were significant differences of each of these
alleles across ethnicities. For the C17T variant, we are close (p=0.054), but without finding a significant
relationship between the presence of the C17T allele and the presence of opioid dependency (Bond et al. 1998).
However, with the A118G, there was no significant relationship with opioid dependency. We have gone on to
study possible binding and functional alterations of the most frequent of these, the A118G allelic variant (Bond
et al. 1998). These studies were conducted in collaboration with Yu’s group. We have found that, whereas most
synthetic and natural opioids bind normally to the A118G variant, beta-endorphin has a three-fold shift showing
three-fold increase in binding activity at the A118G variant than at the prototype mu opioid receptor (Bond et al.
1998). When signal transduction, specifically the G-protein coupled inwardly rectifying potassium currents was
studied in appropriate cellular constructs, again most ligands were normal, when the A118G variant was
compared with the prototype allele, but after binding of beta-endorphin at the A118G variant allele, there was a
leftward shift, with three-fold increased activation as contrasted to binding to the prototype mu receptor (Bond et
al. 1998).

Possible functional differences of mu opioid receptor and other receptors and ligands might explain, in part, the
physiological and functional differences in human responses to a drug of abuse, or pain medications
(pharmacogenomics) as well as to each of our own endogenous opioids (“physiogenomics”). We therefore have
extended these studies, and to enhance through-put identification of known SNP variants, we have formed a
collaboration with the laboratory of Mirzabekhov at the Department of Energy in Argonne National
Laboratories. My group, including LaForge, Yuferov and Spangler working there, as well as in our own
laboratories, have created our own custom gel pad single nucleotide polymorphism microarrays, or as I call it,
our “SNP chip.” We have put on the gel pad microarray the two most common allelic variants identified so far,
the change of prototype mu receptor nucleotides of A to G at the 118 position and the change of C to T at the 17
position. We can easily identify “wild-type” or prototypic homozygotes, heterozygotes with one copy of the
atypical variant, and variant homozygotes. =~ With the augmented capacity provided by our custom SNP chip
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technology, we plan to study much further this mu opioid receptor gene and its variants, as well as many other
genes.

It is intriguing and provocative to us that, to date, the medications which have been successful in the
management of over 20 to 25% of those with heroin addiction and also alcoholism are those directed at the mu
opioid receptor (Kreek 1996cd). For heroin addiction, all effective agents are long-acting opioid agonists or
partial agonists, methadone, LAAM and buprenorphine (in combination with naloxone). For alcoholism
effective treatments, most are opioid antagonists, naltrexone and nalmefene. It is also enormously provocative
that studies both in methadone maintained patients, and more recently, studies using buprenorphine or
buprenorphine-naloxone combination, it has been found in populations where co-dependency with cocaine is
very high (70 to 90%), after one year stabilization of methadone treatment, the prevalence of continued cocaine
dependence drops precipitously down to 20 - 30%, when effective counseling, access to medical and psychiatric
care, along with appropriate doses of methadone or buprenorphine-naloxone are used (Borg et al. 1999; Kreek
1996¢). However, it is also provocative to think that these medications directed at mu or mu-kappa receptor may
play a part in stabilizing the endogenous opioid system in cocaine dependent persons. It may also offer us a
blueprint for further pharmacological approaches to treatment of specific addictions.

I could get only two family members in the flume ride last month [May 1999]. Here, you see this one with
Esperance, exuberant and happy, and you see me, poised and excited, about to face the new ups and downs, the
splashes, the unexpected, the thrill of getting this Eddy Award today, and the challenges with what I see as my
next 25 years in the molecular, neurobiological, genetic and behavioral research in the addictive diseases. I
thank you all.

ACKNOWLEDGEMENTS: I would acknowledge our funding support from the NIH: DA-P50-05130, DA-
K05-00049, DA-09444, M01-RR00102, and NYS:OASAS.
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Goals and Rationale for Specific
Pharmacotherapy for an Addiction

. Prevent withdrawal symptoms
. Reduce drug craving

. Normalize any physiological functions disrupted by drug use

. Target-treatment agent to specific site of action,

receptor, or physiological system affected or deranged by
drug of abuse

MIJ Kreek, MD., 1994 (from Kreek, MJ; Addictive States
(CP O’Brien and JH Jaffe, eds), Raven Press Ltd., New York, 1992)




L1

Heroin versus

Methadone*

Heroin
Route of administration intravenous
Onset of action immediate
Duration of action 3-6 hrs
Euphoria first 1-2 hrs
Withdrawal symptoms after 3-4 hrs

*effects of high dosages in tolerant individuals

Methadone

oral

30 min
24-36 hrs
none

after 24 hrs

Kreek, 1976
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Opioid Agonists

Compound

Heroin

Methadone

Systemic
Bioavailability
After Oral
Administration

Limited
(<30%)

Essentially
Complete
(>70%)

Apparent

Plasma Terminal
Half-life
(t,Beta)

3m

(30 m for active

6-acetyl-morphine
metabolite)

(4-6 h for active
morphine metabolite)

24 h
(48 h for
active 1-enantiomer)

Major

Route of

Biotrans-
formation

Successive
Deacetylation
and morphine
glucuronidation

N-demethylation

Kreek et al., 73,76,77,79,82,; Inturrisi 1984
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“On-Off’ versus “Steady-State”

Disruption versus Normalization

e behaviors
¢ physiology
e receptor-mediated events

e levels of gene expression

Kreek, 1996
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Prevalence of HIV (AIDS Virus)

Infection 1n Intravenous Drug Users
New York City - 1984 Study

50-60% Untreated, street heroin addicts:
Positive for HIV antibody

9% Methadone maintained since < 1978
(beginning of AIDS) epidemic):
less than 10% positive for HIV antibody

Des Jarllais, Kreek et al., Morbidity and Mortality Weekly Report, 33: 377-379, 1984



1C

Opiate Addiction Treatment

Outcome™

Methadone Maintenance 60-80%

Naltrexone Maintenance 10-20%

“Drug Free” (non-pharmacotherapeutic) 5-30%

LAAM Maintenance to be determined

(early data like methadone)

Buprenorphine-Naloxone Maintenance to be determined
Short-term Detoxification (any mode) 5-20%

*One year retention in treatment and/or follow-up with significant
reduction or elimination of illicit use of opiates.
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SYMPOSIUM 1
RECENT ADVANCES IN INHALANT ABUSE

S.L. Cruz' and R.L. Balster’, Chairpersons

1Department of Pharmacology and Toxicology, Cinvestav, IPN, Mexico and 2Department of
Pharmacology and Toxicology, Medical College of Virginia, Virginia Commonwealth University,
Richmond, VA

Although inhalant abuse is now recognized as a world-wide problem, relatively little is known about the
mechanisms of action by which these substances produce their effects. Surveys of drug use show that a
significant percentage of the population has used volatile solvents for their intoxicating properties. In the 1993
High School Survey, it was found that about 17% of adolescents in the US have sniffed inhalants at least once in
their lives, and 2.5% of the sample of high school seniors had used inhalants within the past 30 days (Edwards
and Oetting, NIDA Research Monograph 148, 1995). Inhalants are, after tobacco and alcohol, the major drug
problem in Mexico. Volatile solvents are the substances most commonly abused by children and adolescents.
The problem is more prevalent in street children. In a recent study, 11, 172 street children were identified, 75%
between 12-17 years of age. The prevalence of lifetime use in this group was 27% and 22% reported daily use.
Among high school students, inhalants are the substance of choice after tobacco and alcohol. In total, 4%
reported lifetime use of these substances (Medina and Berenzon, NIDA Research Monograph 148, 1995).

After a brief introduction by Dr. Robert Balster, Dr. Maria Elena Medina-Mora and Dr. James Anthony
presented recent information on the epidemiology of inhalant abuse in Latin America and the U.S., respectively.
Dr. Silvia Cruz described the latest findings on the effects of volatile solvents on ligand-gated ion channels. Dr.
Fernandez-Guardiola presented the results of his ongoing research on the effects of abused solvents on the
patterns of sleep of solvent abusers. Short abstracts and/or lists of relevant readings for the presentations follow.

INHALANT ABUSE IN LATIN AMERICA
M.E. Medina-Mora and C. Fleiz
Mexican Institute on Psychiatry, Mexico

This work reviews current research on the epidemiology of inhalant abuse in the Latin America Region based on
general surveys and studies taken among special groups. Comparisons are difficult to make because different
definitions are used in different surveys and the substances used in each country are frequently not specified. The
practice of inhalation is quite prevalent in the region. According to recent household surveys, rates of “ever
inhaled’ are 4.2% for the population 12 to 17 years in Colombia (Ospina 1996); 3.7% for the group between 12
and 19 in Peru (Ferrando 1990); 1.2 % for that between 12 and 18 in Chile (Fuentealba 1996); and 0.6% in
Mexico (SSA 1998). Rates reported in the region are lower than those found in the United States (7.2%,
SAMHSA 1997). In Mexico, thinner is the substance of preference (56% among males, 42% among females)
among children and adolescents that earn their living, and it is followed by glue (40% and 44%, respectively);
gasoline is reported by less than 5% of the users. In Mexico City, street children prefer toluene to glue because
they consider it to be less damaging and to cause a less severe hangover. In Brazil, “lanca-perfume” (spray),
“cola” glue, “cheirinho de lolo”, ether, chlorophorm, benzene and hexane have been reported by street children
(Murad 1983). In Peru, glue, gasoline, thinner, sprays, paint, poppers, deodorants and volatile anesthetics are
used (Ferrando 1990). The studies reviewed suggest that there are 3 different typologies of abusers: i) Children
and adolescents whose main abused drugs are inhalants being daily use the most common pattern; ii) multiple
drug users that tried inhalants often as the first drug of abuse, the majority being experiments at the time of the
study; iii) adults that continue to inhale. In the first two groups, solvents are abandoned as users mature and turn
into marihuana, cocaine or alcohol. In the third group inhalant abusers show more deterioration and usually
inhale when other substances are not available; this group includes imprisoned addicts or persons exposed at
work. Minors used solvents for reasons conditioned by their poverty. Many children inhale toluene before going
to sleep in order to avoid feeling cold while they sleep on the floor or while hungry, bored, sad, or fearful of
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street. Some minors pretend to be able to control their “trip”, while others loose control. While intoxicated,
children might get confused and drink the solvent. Craving for the drug is often observed. Patterns of use may
shift between daily use to complete abstinence. Although inhalant abuse is a prevalent problem in the region,
linked to poverty and young age, there are many gaps in knowledge, weak definitions and many confounding
factors that make it difficult to draw conclusions. Moreover, few studies have addressed consequences and long-
term effects. There is an urgent need for more research and to integrate basic, clinical and social sciences.
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EPIDEMIOLOGICAL EVIDENCE AND ISSUES IN RESEARCH ON INHALANTS
J.C. Anthony — ABSTRACT UNAVAILABLE
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NEURONAL BASES OF SOLVENT ABUSE
S.L. Cruzl, R.L. Balsterz, and J.J. Woodward

1Dept. Pharmacology and Toxicology, Cinvestav, IPN, Mexico, and 2Dept. Pharmacology and Toxicology,
Medical College of Virginia, Virginia Commonwealth University, Richmond, VA

Organic solvents are the least studied drugs of abuse. These substances differ from other abused drugs in several
ways: they are cheap, legal and easily available. A strong body of behavioral evidence indicates that solvents are
Central Nervous System (CNS) depressants. This paper reviews recent evidence supporting the hypothesis that
abused solvents, like other CNS depressants, inhibit NMDA receptors. In a first approach, we studied the effects
of toluene on NMDA recombinant receptors expressed in Xenopus laevis oocytes. Toluene inhibited NMDA-
induced currents in a dose-dependent fashion. This inhibition was rapid, almost complete (90 %) and reversible.
It was also voltage-independent and non-competitive. Receptor subtype sensitivity was observed for the
inhibitory effects of toluene, being the NR1/2B combination the most sensitive of all (IC5, = 0.17 = 0.2 mM as
compared with 1.4 £ 0.17 and 2.13 £ 0.27 for NR1/2A and NR1/2C, respectively; Cruz et al. 1998). Similar
studies with benzene, m-xylene, ethylbenzene and propylbenzene revealed that non-competitive NMDA-
inhibition may be a common mechanism of action for alkylbenzenes and, to a lesser extent, for 1,1,1-
tricloroethane or TCE. All these drugs dose-dependently inhibited NMDA-induced currents in the submillimolar
range. The same order of sensitivity for their inhibitory effects was observed for receptor subtypes being the
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NR1/2B combination more sensitive than NR1/2A (Cruz et al., 1998). In a second study we tested the hypothesis
that toluene acted as an NMDA antagonist in vivo. For this purpose we studied the effects of toluene on NMDA-
induced convulsions in male albino mice. Animals were injected with NMDA (120 mg/kg i.p.) immediately
before placing them in a static exposure chamber to inhale different concentrations of toluene during 30 min.
The results were compared with a control group injected with the same dose of NMDA. Toluene dose-
dependently decreased the latency to the appearance of convulsions as well as their magnitude, Taken together,
these results strongly suggest that NMDA inhibition is a common mechanism of action of abused solvents.
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EEG PATTERNS OF SLEEP AND REACTION TIME PRODUCED BY REPEATED USE
OF ORGANIC SOLVENTS: A POLYSOMNOGRAPHIC AND SPECTRAL (3D) STUDY IN
YOUNG INHALANT ABUSERS

A. Fernandez-Guardiolal’z, JM. Calvol, A. Martinezl, G. Lunaj, and R. Fernandez-Mas'

:Division of Neuroscience, Mexican Institute on Psychyatry, Mexico, 2Dept. Psychology, UNAM, Mexico,
Deceased

In a previous work we reported experimental results in cats showing the inducement of 3 Hz spike and wave

EEG patterns in the cingulate gyrus, amygdala and cerebral cortex, by repeated dosages of the industrial solvents
toluene and benzene. The animals displayed ataxia, head nodding, bilateral contraction of facial musculature and
blinking. Toluene induced electrographic and behavioral changes similar to “Petit Mal” and benzene induced, in
addition, changes similar to complex partial seizures in humans, followed by tonic-clonic seizures of “Grand

Mal” epilepsy (Contreras et al. 1979). Although the amount of solvent to which we exposed our animals was quit
high, the exposure lasted only few minutes. In humans, inhalation lasts often several hours. We now report on
the results of all-night sleep studies in young addicts (24 subjects, 21.5 years in average, nine of them less than

18 years, 5 females and 19 males). Volunteers were detected by the “Ama la Vida” Foundation which is a

Mexican center against addictions. For the aims of this study, subjects were submitted to two night sleep

recordings after a previous habituation night in the same room and bed. The polysomnogram was normal in 5

subjects (20.8%); insomnia alone was evident in 4 (16.6%); motor activity with myoclonus and insomnia was

displayed by 13 (54.2%) and seizures (3 per sec spikes and waves, “Petit Mal“) and partial complex seizures
(PCS) in 2 subjects (8.3%). One of the subjects with PCS was a 31-year-old male and had a 19-year history of
solvent addiction. The Petit Mal repetitive seizure was displayed by a 19-year-old female with a 1-year history of
solvent abuse and other drugs including cocaine. Both sleep patterns and reaction time (RT) of addicts were
compared with the same measures obtained from young non-addicts of similar ages that constitutes the control
group. Total sleep time was 464.4 £ 24.5 in the control versus 440.2 = 53.8 in addicts Wakefulness and delta
sleep time was increased in the addicts’ group but stage II and REM sleep diminished significantly. All these

polysomnographic sleep changes were also analyzed in time evolution by the spectral 3D graphic with the
capacity to evaluate non-stationary rhythms like sleep spindles at 14-16 Hz. A noticeable alteration of sleep and
RT was evident in the addicts’ group where RT average was of 419.9 £ 114.7 msec as compared with 277.6 +
94.2 msec in the control group.
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SYMPOSIUM 11

THE INTERSECTION OF DRUG TREATMENT AND THE CRIMINAL JUSTICE SYSTEM
M.Y. Iguchi and H. Kleber*, Chairpersons

RAND, Drug Policy Research Center, Santa Monica, CA and *Columbia University, New York, NY

SUBSTANCE ABUSE AND AMERICA’S PRISON POPULATION: AN OVERVIEW
S. Belenko

The National Center on Addiction and Substance Abuse at Columbia University, New York, NY

Substance abuse and addiction have had an enormous impact on the nation’s prison and jail systems. At the end
of 1997 there were more than 1.8 million adults behind bars, up from 500,000 in 1980 (Gilliard, 1999). The cost
of building and operating these prisons and jails grew from $7 billion in 1980 to $38 billion in 1996. This trend
reflects increasing numbers of drug arrests and convictions, harsher sentencing practices, and high recidivism
rates for drug-involved offenders. African American and Hispanic substance abusers have been particularly
affected. An estimated 80% of inmates violated drug or alcohol laws, were high when they committed their
crime, committed their crime to get money to buy drugs, or had a history of substance abuse (Belenko and
Peugh, 1998). Most of these inmates have other issues that complicate their treatment, including mental and
physical health problems (including high risk for HIV), and lack of education and job skills. Yet there is a large
gap in service delivery: only about 18% of inmates in need of treatment receive such services, and most of this is
short-term and non-intensive (Belenko and Peugh, 1998; Camp and Camp, 1997). Based on expected success
rates (Andrews ef al, 1990; Inciardi et al, 1994; Lipton, 1995; Wexler et al., 1999), investing in long-term
prison and jail treatment, education and training, and aftercare will pay substantial economic and social
dividends for society (Belenko and Peugh, 1999; Rydell er al, 1996. In addition to expanding treatment and
related service access for inmates, this paper also recommends increased use of treatment diversion for
nonviolent substance-involved offenders, revisions of mandatory sentencing laws to allow more sentencing
discretion for judges and use of treatment as an incentive for early release, improved and expanded assessment
of offenders.

WHAT IS A DRUG COURT?
S. Turner
RAND Criminal Justice Program

Drug courts have become one of the fastest growing interventions for dealing with drug involved criminal
offenders. The first Drug Court was established in 1989 in Miami, Florida (Goldkamp and Weiland 1993).
Since that time over 300 courts have been planned or become operational. Most programs are aimed at reducing
offender recidivism, reducing substance abuse, and enhancing offender rehabilitation. Although there is no
single drug court model, key components generally include judicial supervision of community-based treatment,
early identification and referral of eligible cases, regular hearings the Drug Court judge, and use of graduated
sanctions and rewards and mandatory drug testing (Belenko 1998). Drug Court programs represent a form of
“therapeutic jurisprudence” (Hora et al. 1999) and offer a distinctly different approach from that of traditional
criminal justice processing. Despite their popularity, conclusive evidence on the effectiveness of drug courts is
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relatively scarce. Most studies to date have been process evaluations; more research needs to be conducted on
the long term effectiveness and costs of this promising intervention.
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THE EFFECTIVENESS OF IN-PRISON TREATMENT
D. Lipton -- ABSTRACT UNAVAILABLE

National Development and Research Institutes, New York, NY

TRANSITIONAL AND AFTERCARE TREATMENT FOR DRUG-INVOLVED PRISON RELEASEES
J.A. Inciardi
University of Delaware, Newark, DE

A multistage therapeutic community treatment system has been instituted in the Delaware correctional system,
and its effectiveness has captured the attention of the National Institutes of Health, the Department of Justice,
members of Congress, and the White House. Treatment occurs in a three-stage system, with each phase
corresponding to the client’s changing correctional status -- incarceration, work release, and parole. In this
presentation, 18 and 42 month follow-up data are analyzed for those who completed treatment (with and without
aftercare) and for treatment dropouts. These groups are compared with a “no-treatment” comparison group. At
18 and 42 months, significantly greater proportions of those completing treatment with aftercare were both arrest
free and drug free. The results support the effectiveness of a multistage therapeutic community model for drug-
involved offenders, and stress the importance of aftercare as a component of treatment.

DISCUSSANT

C. Visher

National Institute of Justice, Washington, DC

The National Institute of Justice (NIJ) is the research arm of the U.S. Department of Justice. Created in 1968,
NIJ supports research, evaluation, and demonstrations to prevent and reduce crime and improve justice. NIJ’s
portfolio includes both basic and applied social science research, forensic science, and technology development.
NIJ’s research on drug use and crime includes studies on justice system responses to drug-involved offenders,
including drug courts and in-prison treatment programs, links between drug use and criminal behavior,
prevention programs, and a nationwide data collection program on drug use among persons arrested and held at
local booking facilities. Funding opportunities are announced on the NIJ website: www.ojp.usdoj.gov/nij.
Several drug-related requests for proposals are likely to be announced in FY 2000.
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SYMPOSIUM VI
NEW APPROACHES TO NON-ADDICTIVE ANALGESICS
W.K. Schmidt,' and Frank Porreca, Chairpersons

D.L. DeHaven-Hudkins,2 H.O. Petit,3 R.W. McNutt,3 K.-J. Chang3 and C. Wrighf'

"NorthStar Research & Development, Newark, DE; 2Adolor Corporation, Malvern, PA; *Delta
Pharmaceuticals Inc., Research Triangle Park, NC; and “The Purdue Frederick Company, Norwalk, CT

Fundamental changes in our understanding of the neurobiology of pain and addiction have presented new
opportunities to develop high-efficacy analgesic drugs which lack the addictive potential of morphine. This
symposium was designed to highlight several opioid and non-opioid approaches to non-addictive drugs which
are in varying stages of clinical and preclinical development.  Speakers were asked to address the
pharmacological and biochemical principles underlying the development of each class of drug and include
information on the abuse liability and clinical efficacy where available.

Dr. Andrew Brugger (G. D. Searle & Co.) began the symposium with a discussion of the development of both
first and second generation COX-2 inhibitors as alternatives to aspirin-like drugs for the treatment of
inflammation and pain. Dr. Diane DeHaven-Hudkins (Adolor) reviewed the role of peripheral mu opioid
receptors in inflammatory pain and discussed the development of ADL 2-1294 as a peripheral anti-hyperalgesic
agent. Dr. William Schmidt (NorthStar) reviewed the development of kappa opioid analgesics as alternatives to
morphine for moderate-severe post-operative and cancer pain or as peripherally-selective drugs for the treatment
of visceral pain. Dr. Kwen-Jan Chang (Delta Pharmaceuticals) reviewed the analgesic potential and addictive
liability of dual-acting mu and delta opioid compounds. Dr. Todd Vanderah (Univ. Arizona) discussed the
development of compounds which modify opioid tolerance or dependence while enhancing the analgesic activity
of morphine-like drugs. Dr. Harlan Shannon (Eli Lilly & Co.) reviewed the development of novel muscarinic
cholinergic approaches to developing drugs to treat moderate-severe pain. And finally, Dr. Curtis Wright
(Purdue Frederick) offered his personal evaluation of whether we have actually made any progress in developing
non-addicting analgesic drugs.

Brugger: COX-2 inhibitors. Celecoxib is the first selective COX-2 inhibitor approved for use in man. In
phase III orthopedic surgery clinical trials, celecoxib demonstrated similar onset, peak analgesic activity, and
duration of action as a commercial opioid-APAP preparation (hydrocodone 10 mg + acetaminophen 1000 mg).
As this study continued with additional dosing q 8 hr on days 2-5, celecoxib was rated as having better analgesic
activity than the commercial opioid-APAP preparation. Valdecoxib (oral use) and parecoxib (water soluble
prodrug of valdecoxib for parenteral use) are second-generation COX-2 inhibitors which are currently in phase
IIT clinical trials. Intravenous parecoxib is as active as i.v. ketorolac in the Hargreaves inflammatory pain model
in rats. In a comparison of analgesic activity following 3rd molar extraction surgery in man, 50 mg i.v. parecoxib
produced analgesic activity similar to 30 mg i.v. ketorolac with a similar 20 min onset time for both drugs. The
average time to redosing was 8-10 hours for parexocib and 8 hr for ketorolac. These data demonstrate that
selective COX-2 inhibitors produce oral and parenteral analgesic activity similar to opioid-APAP and high-
efficacy NSAID products, respectively.

DeHaven-Hudkins: Peripheral mu opioids as anti-hyperalgesic agents. ADL 2-1294 (loperamide) is a p-
selective peripheral opioid agonist currently under development as a topical antihyperalgesic agent for the
treatment of acute cutaneous pain or itch. Although p-selective compounds such as morphine and fentanyl are
efficacious in rodent experimental models of inflammatory pain and in man when administered locally, these and
other centrally acting opioid analgesics possess undesirable side effects that limit their use as peripherally
selective antihyperalgesics. Due to its inability to cross the blood-brain barrier, ADL 2-1294 does not produce
sedation or respiratory depression and its unique physicochemical properties of lipophilicity and lack of
distribution from the site of administration make ADL 2-1294 an ideal agent for use as a peripheral
antihyperalgesic to alleviate inflammatory pain at the site of injury following local administration.
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ADL 2-1294 exhibits an affinity of 3 nM for the cloned human p opioid receptor, and the agonist-induced
stimulation of [*>S]GTPys binding produced by ADL 2-1294 is competitively antagonized by naloxone. The
antihyperalgesia resulting from administration of ADL 2-1294 is not associated with its systemic circulation,
since ADL 2-1294 must be administered directly to the site of inflammation in order to produce antihyperalgesia.
In rat models of inflammatory pain, locally administered ADL 2-1294 dose-dependently inhibits the hyperalgesia
that results from injection of kaolin-carrageenan into the knee joint, injection of formalin or Freund’s complete
adjuvant into the paw, or that which results from an abrasive tape stripping injury to the paw. The observed
antihyperalgesia is antagonized by naloxone. Injection into the contralateral paw or knee joint fails to produce
antinociception. When applied topically to the inflamed paw, cream and gel formulations of ADL 2-1294 also
produce antihyperalgesia in the Freund’s model. ADL 2-1294 exhibits antipruritic activity in the mouse as
evidenced by inhibition of scratching behavior induced by injection of the mast cell releasing agent, compound
48/80.

ADL 2-1294 exhibits greater potency than morphine when administered locally, is efficacious only when
administered at the site of inflammation or injury, and the observed antihyperalgesia is not mediated centrally or
systemically. ADL 2-1294 has potential therapeutic utility as a peripherally selective opiate antihyperalgesic
agent that lacks many of the side effects associated with administration of centrally acting opiates.

Schmidt: Central and peripheral kappa agonist analgesics. Enadoline (CI-977) is a highly selective non-
peptide kappa agonist analgesic which produces strong analgesic activity in animal models of nociceptive pain,
inflammatory/hyperalgesic pain, and neuropathic pain. It produces sedation but little or no respiratory
depression within its analgesic dose range in animals. However, phase I clinical studies showed that enadoline
produced dysphoria and psychotomimetic activity in normal volunteers similar to the adverse CNS effects
observed following single dose administration of spiradoline, nalorphine, ketocyclazocine, MR2034, and other
structurally diverse kappa agonist analgesics in normal volunteers. Analgesic doses of enadoline (25 to 40 pg,
im.) produced similarly adverse CNS side effects following 3 molar extraction surgery or gynecologic surgery
in phase 11 clinical studies in man.

However, as reported at last year’s CPDD conference by Walsh and colleagues from the Johns Hopkins
Behavioral Pharmacology Research Unit, enadoline produced surprisingly fewer adverse CNS side effects in a
group of 9 opioid-experienced adult volunteers who met DSM-IV criteria for opioid abuse or opioid
dependence, Volunteers in this study reported using heroin twice or three times per week but they were not
physically dependent on opioid drugs. Using standard Addiction Research Center (ARC) perception scales,
these opioid-experienced volunteers showed minimal or no CNS effects of any type following 20 or 40 pg doses
of enadoline. At 80 pg, enadoline produced threshold significance on the “feel any drug” and “bad effects”
scales, but it was still inactive on the “perception detachment” subscale. It produced frank hallucinations only at
a 160 pg dose in a smaller group of these volunteers. This 3x-4x shift toward lower adverse CNS side effects in
opioid-experienced individuals may be particularly important for the future use of centrally-acting kappa agonist
analgesics in patients with cancer pain who have become tolerant to the analgesic effects of morphine-like mu
agonist analgesics. Preclinical studies demonstrate that kappa agonist analgesics retain full analgesic potency in
morphine-tolerant animals and that there is no cross-tolerance between mu and kappa agonist compounds. These
observations need to be replicated in real patients with chronic pain who have become tolerant to the effects of
morphine-like drugs.

Other strategies for limiting the adverse CNS effects of kappa agonist compounds have been to administer the
compounds locally into inflamed peripheral tissues where they may activate peripheral opioid receptors, or to
add “peripheralization” components to the chemical structure which prevent easy transport of the molecule
through the blood-brain barrier. Asimadoline and ICI-204,448 are prototype peripheral kappa agonist analgesics
which produce potent antinociceptive activity vs. inflammatory pain (tactile hyperalgesia following carrageenan
paw edema), tactile allodynia (formalin test), visceral chemical pain (phenylquinone writhing test), and visceral
distention pain in rats or mice. Recent studies in rats showed that twice daily administration of asimadoline in
the rat adjuvant arthritic model reduces pain scores and attenuates joint damage over a 21-day period.
Asimadoline is reported to be in phase II clinical studies in man; no human data have been published to date.
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Other kappa agonist analgesics reported to be in clinical development include TRK-820 (phase II clinical
studies), niravoline (phase II clinical studies for aquaresis), and ADL 10-0101 (peripherally-selective; phase I
clinical studies). Kappa agonist compounds which have been discontinued following phase I or phase II clinical
trials include apadoline, enadoline, spiradoline, E-2078, and ZT-52656A.

These data demonstrate that (a) special populations including cancer pain patients should be used to study
centrally-acting kappa agonist analgesics; (b) local administration or peripheralization approaches may be useful
for reducing adverse CNS effects while retaining good levels of activity vs. inflammatory or visceral pain; and
(c) kappa agonist compounds should be evaluated for activity in non-analgesic models (e.g. aquaresis) where it
may be possible to use doses that do not approach the threshold for adverse CNS side effects.

Pettit, McNutt, and Chang: The development of mixed delta and mu agonist compounds as analgesics.
Respiratory depression limits the amount of mu opiate receptor analgesics prescribed to patients, and thus limits
the clinical treatment of severe pain. In animal models, delta receptor agonists selectively inhibit the respiratory
depression (RD), but not antinociception, induced by mu opiate agonists. The selective neuromodulatory effects
of a delta agonist could be used to provide a novel treatment for severe pain. Furthermore, an agonist at both
delta and mu receptors may thereby produce strong antinociception with reduced RD. This presentation
described the discovery and development of DPI-3290, a potent agonist at both delta and mu opiate receptors.

DPI-3290 produces antinociceptive effects with significantly reduced levels of RD in animal models. The
hypothesis that a single chemical entity with selectivity at both delta and mu opiate receptors can produce high
levels of analgesia with minimal levels of RD has recently been tested in a human clinical trial. Results indicate
that DPI-3290 produces analgesia in humans that is believed to be strong enough to treat severe surgical pain.
Unlike results obtained with the mu agonist fentanyl, DPI-3290 can produce strong analgesia at doses that do not
produce RD. DPI-3290 will, however, produce some RD effects, but only at doses that are high enough to be
used following cardiac surgery. Interestingly, DPI-3290 also appears to have a significantly reduced tendency to
produce the nausea and emesis/vomiting that typically occurs following treatment with the strong analgesics that
are currently used in the clinic.

A clinical need exists for a pharmacological treatment that can be used to relieve severe symptoms of pain
without producing RD. We report that the selective neuromodulatory effects of a delta agonist may provide the
breakthrough that is needed to adequately treat patients with severe pain.

Vanderah: Agents which enhance opiate action or retard tolerance/dependence. Following L5/L6 ligation
of the sciatic nerve (Chung neuropathic pain model), rats develop tactile allodynia and thermal hyperalgesia
which are resistant to intrathecal (ith.) morphine in the tail-flick (TF) analgesic model. Intrathecal DAMGO
retains full efficacy but has a significant right-ward shift in its dose response curve in the Chung model, showing
that DAMGO has lower analgesic potency in this model vs. intact rats. Since the TF test involves activation of
pain fibers projecting to the sacral cord which are not physically damaged in the Chung model, these data
suggest that L5/L6 ligation produces segmental changes to spinal cord function which may involve
neurohumural changes in opioid receptor function. Further evaluation has demonstrated increased levels of
dynorphin and Dyn 2-17 in the rostra] lumbar and sacral cord following L5/L6 ligation. Based on studies of
dynorphin and dynorphin-related peptides, these data suggest that dynorphin and/or Dyn 2-17 may be
responsible for tactile allodynia in this model through an activation of spinal cord NMDA receptors. I.th.
administration of dynorphin or Dyn 2-17 in intact rats produces thermal hyperalgesia and tactile allodynia which
are reversed by administration of MK801 (NMDA receptor antagonist) or Dyn A(1-17) antiserum; naloxone is
inactive. MK801 and dynorphin antiserum also restore the full analgesic activity of i.th. morphine in the Chung
model.

Chronic (1x/day) intrathecal administration of DAMGO in intact rats also causes an increase in spinal cord
dynorphin and a loss of analgesic efficacy. Continuous infusion of i.th. DAMGO via osmotic minipumps results
in thermal and tactile allodynia on days 5-6 similar to the thermal and tactile allodynia produced in the Chung
model. Administration of dynorphin antiserum restores the full analgesic potency of DAMGO in this model.
These data suggest that adaptive neurohumoral changes occurring following L5/L6 ligation or chronic i.th.
administration of morphine or a mu opioid peptide are mediated by NMDA receptor activation and not by
changes in the inherent functionality of opioid receptors.
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Shannon: The role of the muscarinic cholinergic analgesic system in pain and analgesia. Vedaclidine
(LY297802 / NNC 11-1053 / butylthio[2.2.2]) is a novel muscarinic receptor ligand which produces analgesia
similar in magnitude to that produced by NSAIDs and opioids. Moreover, vedaclidine produces analgesia at
doses which do not produce parasympathomimetic effects. Vedaclidine is efficacious in a variety of diverse pain
models, ranging from acute to persistent pain models. Moreover, vedaclidine does not appear to produce the
most serious side-effects of either NSAIDs (GI ulceration) or opioids (constipation and tolerance), as well as
being synergistic with NSAIDs. Thus, vedaclidine may have therapeutic utility in the treatment of pain as an
alternative to NSAIDs and opioids, and, in addition, vedaclidine may have clinical utility in a broader range of
pain states than either NSAIDs or opioids.

Wright: The Search for the Non-Addicting Opioid Analgesic; “Hope or Hype.” The search for non-
addicting opioids has consumed the attention of researchers and commercial developers of pharmaceuticals since
the latter part of the 19" century. Post Civil War morphine addiction led to the development of semi-synthetic
opioids (such as heroin), which in turn drove development of the synthetic opioids of the mid-20" century. The
search culminated in the partial and mixed agonist opioids, such as butorphanol and buprenophine, which have
markedly less abuse potential than morphine or heroin. Unfortunately, the goal of reduced risk of opiate
dependence in clinical analgesia has not been reached. This is due, in part, to a problem with numbers.

Most physicians agree that iatrogenic addiction is an uncommon event in the clinical management of acute pain
states, with an incidence of perhaps 1:10,000 patients treated. Being so uncommon, it is assumed to represent a
negligible risk. This is a grave error. Iatrogenic addiction ceases to be a rare and negligible problem as soon as
the size of the acute opioid analgesic market is taken into account. There are about 130 million prescriptions
written for oral medications containing oxycodone, hydrocodone, hydromorphone and propoxyphene every year.
If even 1 in ten thousand patients (1/10,000) a year develops de-novo addiction as the result of such treatment,
this means 13,000 new addicts each year. Since the duration of addiction, especially to pharmaceuticals, may be
as long as 10 years, an incidence rate of 13,000 will predict a prevalence of 130,000 addicts in the population.

Acute exposure to opioids carries a very low risk, but is so common an event that it poses a significant public
health problem.

The street value (the amount a stranger in a bar will pay for a tablet) of diverted opioids is substantial, ranging
from $1 up to $20 per tablet (prices vary depending on strength, desirability, and the current supply). Given that
the cost of most common opioid analgesics is less than $0.50 a tablet, there is substantial profit in diversion and
resale, at all levels (manufacturer, wholesaler, retail pharmacy, physician and patient). After alcohol, tobacco,
inhalants and cannabis (the classic portal agents), oral dosage forms of pharmaceuticals are the most common
agents for drug experimentation. They are attractive because they are easily identified, assumed safe (FDA
approved!), and readily obtained in the illicit market.

Diverted pharmaceuticals with high abuse potential are an important source of “gateway” drugs for opioid
experimentation and abuse and may contribute significantly to opioid addiction.

The current addict population is divided into two groups. By far the larger is the group that has entered into
illicit trafficking in opioids, and is using a mixture of heroin, cocaine, and other illicit and diverted
pharmaceuticals to maintain their habit. There is another population, less well understood, who are not
connected with illicit sources of supply, but who are soliciting physicians for their drugs and use diverted drugs
as their primary source of supply.

Diversion of pharmaceuticals by addicts regardless of reason has direct adverse effects on the population at
large, patients in pain, and the health care system as a whole and is to be avoided.

The author suggests that there are substantial benefits for the culture in the development of less abusable
analgesics for mild to moderate pain, in developing strategies to control diversion of opioids in Schedules III, IV
& V, and in improving methods for the diagnosis and management of so-called “medical” addicts dependent on
prescription drugs.
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SYMPOSIUM vII

TAKING IT TO THE STREETS: CONTINGENCY MANAGEMENT FOR REAL-LIFE DRUG ABUSE
TREATMENT

L. Amass and M. Y. Iguchi, Chairpersons

Despite a wealth of research demonstrating the efficacy and acceptability of contingency management
interventions for reducing drug use, community providers have been slow to adopt these procedures. This
symposium showcased innovative and cost-effective contingency management interventions for reducing drug
use amongst substance abusers, including dually-diagnosed and homeless populations. Moreover, techniques for
transferring and facilitating the use of contingency management for real-life drug abuse treatment were
demonstrated.

CONTINGENT MANAGEMENT OF DISABILITY BENEFITS IMPROVES SUBSTANCE ABUSE IN
THE SEVERELY MENTALLY ILL

R. Ries, D. Dyck, D. Srebnik, B. Short, and A. Fisher
Department of Psychiatry and Behavioral Sciences, Univ. of Washington, Seattle, WA

About half of persons with severe mental illnesses such as schizophrenia experience periods of substance abuse
or dependence, often leading to significant personal, social, legal, and health services costs. This project
contingently rewarded better case manager weekly ratings of substance use, treatment attendance and responsible
money management with a small weekly (cash vs. voucher) study participation reward paradigm and a monthly
paradigm which adjusted the form (cash vs. voucher) and frequency (weekly to daily) of disbursement of social
security disability benefits. Subjects = 41 were 83% male, diagnoses in addition to substance abuse/dependence
were schizophrenia 59%, schizoaffective 20%, bipolar 7%, and recurrent major depression 12%. All were on
social security disability for major mental illness and used the mental health agency as their representative payee.
After three months of baseline observation, subjects were randomized to either contingent or non-contingent
management of the reward systems above and followed for six months. A “clean” week required that both a
weekly case manager rating, as well as a blinded weekly research urine done on Monday, were clean. Using
intent to treat methods, at the end of six months, the contingent cohort (n=18) demonstrated a greater percentage
of weeks clean of alcohol (p<.008), as well as alcohol and drugs (p<.045). They also demonstrated better money
management (p<.001). This is a preliminary analysis, with data from six subjects yet to be completed and
analyzed, and likely represents a conservative evaluation of the power of this intervention. Other psychiatric,
social, and services data will be analyzed and presented in the future.

ACKNOWLEDGEMENTS: Supported by NIDA grant SROIDA10838-02.

LOW COST, COMMUNITY-BASED CONTINGENCY MANAGEMENT TREATMENT FOR
COCAINE DEPENDENCE

N. Petry
Dept. of Psychiatry, University of Connecticut Health Center, Farmington, CT

A variable-ratio schedule of reinforcement may be efficacious in retaining substance abusers in treatment and
reducing substance use. In one study, alcohol-dependent outpatients were randomly assigned to receive standard
treatment (ST) at a VA treatment program or ST+ contingency-management (CM), in which subjects earned the
opportunity to win prizes for submitting negative breathalyzer samples and completing steps toward treatment
goals. Throughout an 8-week period, 84% of CM subjects were retained in treatment compared to 22% in ST
(p<.001). By the end of the treatment period, 69% of those receiving CM had not experienced a lapse to alcohol
use, but only 39% of those receiving ST were abstinent (p<.05). In addition, illicit drug use decreased from
baseline levels only in the CM group (p<.05). A second, ongoing study is evaluating whether this system is
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efficacious for cocaine-dependent outpatients and whether even lower-cost prizes improve outcomes. Thus far,
32 cocaine-dependent outpatients have been randomly assigned to ST, ST+CM with an expected probability of
winning $80 in prizes, or ST+CM with an expected probability of winning $240 in prizes. Among ST subjects,

0% were retained for 12 weeks, compared with 17% in the $80 CM condition, and 33% in the $240 CM

condition. Only 14% of ST subjects achieved >1 month of continuous cocaine abstinence, compared with 25%

and 53% of subjects in the two CM conditions. Although magnitude of reinforcement is an important variable,

these results support the efficacy of this variable-ratio CM procedure in community-based treatment programs.

CONTINGENCY MANAGEMENT IN EFFECTIVE TREATMENT FOR DUALLY DIAGNOSED,
COCAINE ABUSING HOMELESS PERSONS

J.B. Milby, J.E. Schumacher, C. McNamara, D. Wallace*, and S. Usdan
University of Alabama at Birmingham, *University of Kansas Medical Center

Homeless persons are vulnerable to substance abuse, preventable disease, progressive morbidity, and premature
death. Substance abuse is often a homelessness precursor. This randomized controlled study compared
behavioral day treatment with contingency management (DT), to day treatment with abstinence contingent
housing, work and housing access during aftercare (DT+). Homeless persons, n=141 meeting DSM III-R criteria
for Substance Use Disorder, Cocaine Abuse or Dependence, and/or one or more SCL-90-R scales >70, included:
72% males; 83% African American; 17% European American; average age 37.7 years, were participants. They
were randomly assigned and assessed by blind interviewers at 0, 2, 6, and 12 months. Both involved daily
psycho- educational groups, individual counseling, goals in five domains of dysfunction, transportation, lunch, a
voucher system and naturally available contingencies, to reinforce participation in non-drug related
social/recreational activities. DT+ showed greater reductions in drug abuse, homelessness, and unemployment
and had 9.10 (SD=6.89) average consecutive weeks abstinence vs. DT with 3.99 weeks (SD=4.17) at 6 months
(p=0.0008). Results replicate earlier work demonstrating day treatment, adapted for homeless substance abusers,
can be effective. The study did not evaluate effects of non-manipulated contingency management, but
investigators believe it contributed to outcomes. Findings support the hypothesis that effective interventions for
homelessness must be combined with effective substance abuse treatment to optimize outcomes.

ACKNOWLEDGEMENTS: Supported by NIDA grant RO1-08475.

TRANSPORTING CONTINGENCY MANAGEMENT THERAPIES TO THE COMMUNITY

L. Amass

Department of Psychiatry, Univ. of Colorado School of Medicine, Denver, CO

Voucher-based reinforcement therapies are an excellent contingency-management approach. There are several
benefits of voucher programs, including their acceptability by patients, compatibility with pharmacotherapy,

enhancement of treatment retention and ability to reinforce sustained drug abstinence. However, these therapies
are also associated with issues that impact the broadscale dissemination of this treatment approach into
community treatment. One issue is cost. In most settings, patients do have to pay for at least some portion of
their treatment and we do not know what types of results we will obtain when voucher programs are used with

populations of clients who also have to pay for the treatment services they are being provided. If we examine

further the cost of providing voucher therapy, these programs typically cost between $5-8 per day per patient.

This price for a treatment with potentially large benefits is relatively small in comparison to the large cost
associated with either no treatment or a treatment that lacks efficacy. Unfortunately, despite this small cost,
federal and/or state funding for substance abuse treatment is unlikely to be increased to support voucher
programs. We have established some strategies to facilitate the use of voucher-based technologies by community
providers. Our strategies focus on adapting the technology to the existing program structure and identifying
existing sources of revenue or resources that can be harnessed and used to reinforcement target behavior. We
have explored using fees paid by the clients (i.e., no third-party fees) and getting goods and services donated
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from the community. The fee rebate strategy utilizes a portion of the revenue generate by client fees to reinforce
behavior change. Fees charged to patients are increased just slightly and a portion is set aside for rebates. We
have demonstrated a positive, linear relationship between the percentage of the rebate earned and the probability
the patient retrieves an envelope containing the rebate, suggesting that these fee rebates are positively reinforcing
envelope retrievals. This procedure is a viable, cost-effective and easily managed contingency management
strategy that could be easily integrated into any clinic that charges clients directly for services. Our community-
sponsored voucher program allows patients to earn vouchers contingent on smoking abstinence. These vouchers
are redeemable at an on-site exchange containing a variety of products donated by the local community. Such
community sponsorship may offer another cost effective alternative for financing voucher programs for
substance abuse treatment.

SELLING CONTINGENCY MANAGEMENT TO THE MASSES: TECHNOLOGY TRANSFER
M.Y. Iguchi
Drug Policy Research Center, RAND, Santa Monica, CA

The transfer of knowledge and behavioral technologies from research to practice occurs infrequently.
Researchers demonstrate efficacy but treatment agencies and practitioners rarely adopt the innovations. This may
be due to: 1) Poor communication of results; 2) The studies lack relevance; 3) The interventions are too
complicated; 4) There is resistance to change; and 5) There are insufficient $$ for innovation. This list is not
exhaustive, but the challenges are clear. We address the above issues by designing interventions that: 1) cost
little to implement; 2) include plain talk instructional sets; 3) build on the existing clinical behaviors of our target
audience; and 4) create new income opportunities for the provider. Our strategy has been to shape provider
acceptance of basic behavioral principles by demonstrating how contingency management can be effective in
their everyday environments. We talk about emphasizing what people are doing right, about the need to create a
reinforcing environment, and about helping our clients out of that downward spiral of repeated failure and
frustration. Our evidence that this approach can be effective is largely anecdotal. For example, one counselor
stated, “If I’d have known it was this easy to get clients to change and ‘open up,” I’d have been paying them
[with low $ value vouchers] out of my own pocket a long time ago.” Further, some clinics in New York have
adopted our intervention as part of their standard treatment, and requests for information have been received
from treatment agencies. One large caution; however, we must be careful that in our attempt to simplify and
transfer our technologies, that the effective components will be preserved in real world settings.

DISCUSSANT
S.T. Higgins
Depts. of Psychiatry and Psychology, Univ. of Vermont, Burlington, VT

Having an opportunity to act as Discussant in this symposium is an honor. The Chairs, Drs. Amass and Iguchi,
and presenters, Drs. Milby, Petry, and Ries are to be commended on a stimulating and timely symposium. The
challenges involved in efforts to disseminate contingency-management (CM) interventions to community drug
abuse treatment settings are substantial. Dissemination of this approach is going to require dialogue and
patience. Researchers and others involved with this treatment approach need to learn from each other. Notions
that cost factors are the major obstacle to the dissemination of CM are too simplistic. I suspect that philosophical
issues are as big or bigger obstacles to disseminating CM to community clinics as are cost factors. That is not to
deny the significance of the cost issue, but to challenge notions that cost is THE major obstacle. The available
evidence, including the impressive results of Dr. Petry in this symposium, suggests that outcomes vary as a
positive function of the magnitude of the incentive. Advocates of CM should also be active and humble. With
regard to being active, advocates of CM have to participate in the meetings and forums that community
clinicians attend. Regarding humility, we should not promise more than CM can deliver. Further, our goals for
dissemination should be broader than formal drug abuse treatment clinics. The work of Drs. Ries and Milby
reported in this symposium illustrate some of the potential of implementing CM in these other agencies, but
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more such work is needed. We should also acknowledge instances where CM has been or is currently being
implemented in community settings, although without any explicit connection to the formal CM literature. For
example, CM is an integral part of many of the Drug Courts that are increasing in number throughout the U.S.
CM was also central to the U.S. military’s intervention to decrease heroin use among soldiers in Vietnam. If
random urinalysis monitoring revealed drug use, the soldier entered treatment, but that time was added to the
soldier’s tour of duty. Our esteemed colleague Jerome Jaffe was involved in the development and implementation
of that intervention. We also should not underestimate the importance of small inroads. A worthwhile effort
might be to survey agencies like those mentioned above to see where they feel CM might be applicable in their
setting. Last, but certainly not least, there is the need for more good science. More and diverse trials of CM, like
those described in this symposium, are needed. Good science has brought CM to this point and will be key to
future success as well.
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SYMPOSIUM VIII
PHARMACOLOGY AND CLINICAL POTENTIAL OF DELTA OPIOID AGONISTS
S.S. Negus and F. Porreca, Chairpersons

THE DELTA OPIOID RECEPTOR: STRUCTURE, SECOND MESSENGERS AND IN VITRO
MEASURES OF LIGAND EFFICACY

J. Traynor
Department of Pharmacology, University of Michigan, Ann Arbor, MI

The delta opioid receptor is a member of the 7-transmembrane domain G protein coupled family of receptors.
The receptor has close homology with the mu- and kappa-opioid receptors, particularly in the transmembrane
domains, which make up the ligand binding pocket, and in the intracellular loops. Modeling and molecular
biology studies (receptor chimeras and site directed mutagenesis) indicate that the third extracellular loop is
particularly important in governing delta ligand selectivity.

Whereas the extracellular loops and transmembrane domains are important for ligand binding, it is the
intracellular loops, which couple to inhibitory, heterotrimeric G proteins of the Gi/Go family. This leads to
changes in intracellular proteins, including the inhibition of adenylyl cyclase. G protein activation is a very early
event in the signal transduction cascade. Agonist occupation of the receptor causes the dissociation of GDP from
the Go subunit and allows for the binding of GTP. This activation of G protein can be measured in membrane
preparations using the stable, radiolabeled analog of GTP, [35S]GTRS and provides for a measure of the
potency and relative efficacy of opioids. Our studies in NG108-15 cells and in C6 cells expressing the delta
opioid receptor show that delta ligand efficacy decreases in the order SNC80 = BW373U86 = DSLET > DPDPE
= deltorphin II > etorphine > diprenorphine > SIOM = diprenorphine > naltrindole = buprenorphine. Thus
buprenorphine, which binds to the delta receptor with high affinity, has no agonist efficacy in this system and
acts as a pure antagonist. The putative deltal antagonist BNTX (benzylidenenaltrexone) and putative delta2
antagonist NTB (naltriben) both shift agonist concentration-effect curves, providing no evidence for delta
receptor subtypes in these cell systems. The relative efficacy of delta opioids to inhibit adenylyl cyclase,
downstream of G protein activation, shows closer similarity between compounds, with the partial agonists SIOM
and DPDPE giving maximal effects similar to that seen with the full agonist DSLET

The delta receptor expresses constitutive activity in that it can activate Gi/Go proteins, and stimulate the binding
of [35S]GTPYSS, even in the absence of agonist. In this regard, it appears different from the mu receptor. The
peptide ICI 174864 has long been known to have inverse agonist activity and blocks this constitutive activation
in a concentration-dependent manner. We have also identified NTB, BNTX and clocinnamox (the irreversible
mu antagonist) as inverse agonists at the delta opioid receptor. Inverse agonism is a receptor phenomenon
because it can be blocked by the neutral antagonist naltrindole. ICI 174864 and clocinnamox bind with highest
affinity to a low agonist affinity state of the delta receptor, thereby promoting formation of a non-functional
conformation of the receptor and so inhibiting the binding of [35S]GTR/!S. In contrast BNTX and NTB have
similar affinity for both high and low agonist affinity states. This suggests different mechanisms for constitutive
activity. The in vivo consequences of this constitutive activity of the delta receptor are unknown.

SPINAL AND SUPRASPINAL DELTA OPIOID RECEPTORS IN PAIN
T. Vanderah and F. Porreca
Department of Pharmacology, College of Medicine, University of Arizona, Tucson, AZ

Opioids are known to produce antinociception by hyperpolarization of neurons and resultant inhibition of
transmitter release. The localization of opioid receptors on central terminals of primary afferent c-fibers and at
post-synaptic pain transmission cells as well as in descending pain modulatory pathways provides anatomical
support for mechanisms by which nociceptive signal transmission can be blocked. Opioid delta receptors are
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localized appropriately in pain transmission cells, and opioid delta agonists are known to produce
hyperpolarization of cells and to inhibit transmitter release from primary afferent fibers. While most clinically
effective analgesic agents act at opioid mu receptors, the activation of these receptor sites is associated with
undesirable side-effects including respiratory depression and constipation along with psychic effects which can
lead to abuse. An important component of analgesic actions of opioid mu agonists is the supraspinal and spinal
analgesic synergy that allows clinically important compounds such as morphine to be used at approximately 30-
times lower doses than would otherwise be possible. It is believed that opioid delta receptor activation might
elicit sufficient analgesia to be of clinical utility but without some of these undesirable side effects. However, in
order for opioid delta agonists to achieve sufficient potency to be clinically useful, it seems likely that
supraspinal and spinal antinociceptive synergy should occur. For these reasons, we investigated the
antinociceptive actions of [D-Ala2, Glu4]deltorphin, a highly selective peptidic opioid delta agonist, following
intrathecal (i.th.) administration or following microinjection into the medullary reticular formation (MRF) of the
rat. Evaluation of the antinociceptive actions of [D-Ala2, Glu4]deltorphin revealed dose-related antinociceptive
effects in both the 55°C hot-plate test and in the 2.5% formalin test when given at either site. Additionally, the
antinociceptive actions of [D-Ala2, Glu4]deltorphin were antagonized by selective opioid delta antagonists such
as SN-naltrindole isothiocyanate (SN-NTII) but not by mu or kappa antagonists (i.e., B-funaltrexamine or nor-
binaltorphimine given at doses which were effective in antagonizing mu or kappa selective agonists).
Microinjection of [D-Ala2, Glud]deltorphin into the MRF effectively suppressed formalin-induced spinal
expression of FOS, suggesting the presence of a descending pain modulatory pathway. Lesions of the
dorsolateral funiculus blocked the inhibition of formalin-induced FOS expression in the spinal cord by MRF [D-
Ala2, Glu4]deltorphin. Finally, MRF and i.th. co-administration of [D-Ala2, Glu4]deltorphin produced a highly
significant synergistic antinociceptive effect in both the hot-plate and formalin-flinch assays. These findings
suggest that systemically available opioid delta agonists should exhibit supraspinal-spinal synergy, adding
confidence that molecules with this profile might achieve sufficient analgesic potency to be of clinical utility.

Recent studies with mice genetically engineered to prevent expression of the opioid mu receptor have suggested
that the antinociceptive actions of opioid delta agonists are reduced or absent and that antinociceptive actions of
opioid delta agonists may depend on circuitry involving mu opioid receptors. These conclusions were reached
on the basis of antinociceptive actions of opioid delta agonists with moderate selectivity for the opioid delta
receptor, such as [D-Pen2, D-Pen5]enkephalin (DPDPE). The antinociceptive actions of opioid delta agonists in
the mu knock-out mice were studied using more highly selective opioid delta agonists including [D-Ala2,
Glu4]deltorphin and SNC 80. Additionally, we examined the ability of these agonists to stimulate [35S]GTRS
binding in brain and spinal cord membranes from mu receptor knock-out or wild-type mice. In these studies, we
found that the maximal stimulation of [35S]GTP¢S binding by DPDPE was lower in mu knock-out brain or
spinal cord membranes, compared with wild-type tissues. However, there was no change in [35S]GTRS
binding produced by [D-Ala2, Glu4]deltorphin in wild-type or mu receptor knock-out tissues. Similarly,
administration of DPDPE by the intracerebroventricular or intrathecal route showed a decreased antinociceptive
potency in suppression of the hot-water (55EC) tail-flick test in mu receptor knock-out mice, compared with the
wild-type. However, no change in antinociceptive potency was seen between the two groups with [D-Ala2,
Glu4]deltorphin or with subcutaneous administration of SNC 80. The data suggest that activation of mu opioid
receptors is not critical for antinociceptive actions of opioid delta agonists when the agonists employed are
sufficiently selective for the delta opioid receptor.

A major advance in the pharmacology of opioid delta receptors occurred with the discovery of BW 373U386, a
moderately selective compound for the delta receptor but which was non-peptidic in structure. This compound
was used as the basis for the development of SNCS80, a highly selective non-peptidic delta agonist which
demonstrated antinociceptive actions following systemic administration. While the antinociceptive actions of
SNC80 have been significant following systemic administration, the potency of this compound has been
somewhat disappointing compared to that seen with opioid mu agonists. Nevertheless, this molecule has
provided a structural basis for the synthesis and exploration of opioid delta receptor pharmacology. New
synthetic efforts may lead to fully bioavailable delta selective molecules, which may be tested in humans for
their analgesic efficacy. Based on studies in animals which predict that (a) supraspinal and spinal
antinociceptive synergy will occur with opioid delta agonists, (b) expression of opioid mu receptors is not
critical for opioid delta agonist antinociception and (c) non-peptidic, systemically available and highly-selective
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opioid delta agonists can be synthesized, it seems reasonable to suggest that the development of opioid delta
agonists for therapy of human pain states can be achieved.

GENETIC DETERMINANTS OF THE BEHAVIORAL EFFECTS OF DELTA OPIOID AGONISTS IN
MICE

G. Elmer
Maryland Psychiatric Research Center, Baltimore, MD

Previous antinociception studies in our laboratory demonstrated genotype-dependent receptor selectivity using
the presumed POR agonist morphine. Genotype-dependent agonist selectivity was confirmed using the mu
opioid receptor agonist heroin in studies done in collaboration with Dr. Fujimoto. In these studies morphine or
heroin produced analgesic effect through either the mu, delta or kappa receptor in a manner that was dependent
upon the genotype of the subject. The purpose of the studies described in this presentation is to determine if a
similar genotype-dependency for agonist receptor selectivity is present using delta opioid agonists.

Our first goal was to determine if the analgesic potency of the delta 1 receptor agonist DPDPE and the delta 2
receptor agonist Deltorphin II was under separate genetic control. Full dose-effect studies revealed significant
genetic differences in the potency of both agonists. The method of genetic correlation was used to determine if
sensitivity to these agonists was determined by the same or by similar genetically-mediated mechanisms. A
significant Pearson’s correlation coefficient between the ED50 values of DPDPE and Deltll across all eight
genotypes suggest that similar genetically-determined intermediates control sensitivity to each drug. Further
studies with the delta agonist BW373U86, however, suggest that this compound produces its analgesic effects
through a distinct mechanism (as determined through a genetic correlation across ED50 values). Serendipitously,
we also discovered that the volatile anesthetics, metofane and isoflurane, differentially antagonized the analgesic
effects of DPDPE and DeltIl and that this antagonism was genotype-dependent.

Our second goal was to use the antagonists naltrexone, NTI, NTB, 5'NTI and BFNA to determine if agonist
selectivity was again genotype-dependent using these two delta receptor agonists. The results suggest that, as
with the mu opioid receptor agonists, the receptor subtype through which the delta receptor produces its effects
is determined in part by the genotype of the subject. Further, more extensive pharmacological analysis was
conducted in one of the more interesting genotypes. Through a series of studies, we determined that morphine
(and heroin) act as clear delta 2 receptor agonists in the CXBH mice (NTB sensitive). Conversely, BFNA will
block the effects of DeltIl in this genotype. We then looked at the reinforcing effects of morphine in these mice
using an i.v. self-administration paradigm. Preliminary studies suggest that when these mice are pretreated with
BFNA prior to self-administration sessions, this mu opioid receptor antagonist will block the reinforcing effects
of morphine. Thus, the pharmacological specificity of morphine appears to be genotype and phenotype
(behavioral assay) dependent.

ANALGESIC AND OTHER BEHAVIORAL EFFECTS OF NON-PEPTIDIC DELTA AGONISTS IN
PRIMATES

S.S. Negus
Department of Psychiatry, McLean Hospital--Harvard Medical School, Belmont, MA

The recent development of non-peptidic delta opioid agonists has made it possible to evaluate the analgesic and
other behavioral effects of delta opioids in primates. In recent studies in our laboratory, we have evaluated the
effects of the piperazinyl benzamide delta agonist SNC80 and a series of structurally-related compounds in
rhesus monkeys.

The potential analgesic effects of SNC80 and related compounds were examined using two procedures, a warm-
water tail-withdrawal assay of thermal nociception, and an assay of capsaicin-induced thermal
hyperalgesia/allodynia. In the assay of thermal nociception, the monkey’s tail is immersed in a container of
water heated to various temperatures (42, 46, 50 and 54°C), and the latency to tail withdrawal from each
temperature is recorded. SNC80 produced a dose-dependent antinociceptive effect in this procedure, although
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the maximal effect SNC80 was smaller than the maximal effect of the high efficacy mu agonist fentanyl. The
antinociceptive effects of SNC80 were surmountably antagonized by naltrindole, suggesting that they were delta-
receptor mediated. In addition, BW373U86 failed to produce analgesic effects in this procedure and
antagonized the effects of SNC80, suggesting that in monkeys, SNC80 may have higher efficacy at delta
receptors than BW373U86. In the assay of capsaicin-induced hyperalgesia/allodynia, thermal
hyperalgesia/allodynia is produced by s.c. injection of capsaicin into the tip of the monkey’s tail prior to tail
withdrawal measurements. SNC80 (1-10 mg/kg) administered before capsaicin produced a dose-dependent,
naltrindole-reversible and complete blockade of capsaicin-induced hyperalgesia/allodynia. The other delta
agonists SNC162 and SNC243A also produced maximal effects in this procedure, but neither SNC67 [the (-)
enantiomer of SNC80] nor the NSAID ketorlac were effective. These results suggest that delta agonists may be
more effective than clinically-available NSAIDS in producing analgesic effects under some conditions of
hyperalgesia and allodynia.

Other studies have evaluated potential undesirable effects of SNC80. Because SNC80 and other piperazinyl
benzamides have been reported to produce convulsant effects in mice, we evaluated the effects of SNC80 on
EEG activity in rhesus monkeys. In ongoing studies, we found that SNC80 at doses up to 56 mg/kg did not
produce EEG seizures or convulsions in monkeys. We also evaluated the respiratory effects and abuse-related
effects of SNC80, because the use of clinically available mu opioid agonists is limited by respiratory depression
and high abuse potential. SNC80 at doses up to 10 mg/kg did not produce respiratory depression in rhesus
monkeys, whereas the mu agonist fentanyl produced profound respiratory depression. In studies to examine the
potential abuse-related effects of SNC80, we found that SNC80 was not self-administered by monkeys under
conditions in which cocaine was self-administered. In addition, SNC80 was found to produce delta receptor-
mediated discriminative stimulus effects in monkeys, and other drugs of abuse (mu agonists, cocaine, ketamine)
did not produce SNCB80-like discriminative stimulus effects. Taken together, these findings suggest that delta
agonists such as SNC80 may produce relatively mild side-effects in rhesus monkeys at doses that produce robust
analgesic effects in the assay of chemically-induced hyperalgesia/allodynia.

POTENTIAL OF DELTA OPIOID AGONISTS AS THERAPEUTICS
W.K. Schmidt
NorthStar Research & Development, Newark, DE

The advancement of peptide or non-peptide delta opioid agonists from the preclinical laboratory into clinical
development should be accompanied by clear therapeutic goals if they are to compete with or replace existing
mu opioid analgesics. At the minimum, these goals should include: (a) evidence for moderate-strong analgesic
activity in multiple animal species; (b) a moderate-long duration of action for single doses in animals that is
predictive of once or twice daily dosing in man; (c) no sedation within its analgesic dose range; (d) no
respiratory depression and minimal adverse GI, CV, and renal effects; (¢) no or minimal drug dependence
liability; (f) no or minimal aversive CNS activity at analgesic doses and no mood altering activity at higher
doses; and (g) acceptable bioavailability for the possibility of oral dosing in man.

Early preclinical work with selective delta agonist peptides such as DPDPE and deltorphin II demonstrated
considerable promise for the potential use of delta opioid agonists as analgesics in man (e.g. Krames et al., 1986,
Porreca et al., 1987; Jiang et al., 1990). In particular, these studies raise the possibility of using delta opioid
analgesics along with mu agonist analgesics in chronic pain conditions, such as cancer pain, to maintain better
analgesic control, avoid significant tolerance development, and reduce some of the more problematic side

effects of morphine-like drugs.

The possibility of moving delta opioid analgesics into man was increased with the discovery of several non-
peptide piperazinyl benzamide delta agonists including BW373U86 and SNC80. However, as already reviewed
by Dr. Negus, both of these compounds produced seizures in mice within their analgesic dose range, and
BW373U86 produced seizures at lower than analgesic doses in monkeys (Comer et al. 1993, Dykstra et al.
1993; Negus et al. 1994). Newer non-peptide compounds are also in development (e.g. Liao et al. 1998). One
of these compounds, DPI-3290 from Delta Pharmaceuticals, has undergone initial clinical evaluation in man.
DPI-3290 is an N-Me-3’-fluorophenyl analog of BW373U86 with mixed mu-delta agonist activity, and it
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produced an encouraging profile of analgesic effects with minimal side effects in Phase I clinical trials (see
Symposium VI on “New Approaches to Non-Addictive Analgesics”). Most importantly, the compound did not
produce seizures in preclinical safety evaluation studies. In addition to these non-peptide compounds, DPDPE, a
metabolically stable cyclized peptide with moderately high selectivity for the delta receptor, is reportedly in
advanced preclinical development with plans to evaluate it for analgesic activity following intrathecal infusion in
man (V. Hruby, Univ. Arizona, personal communication).

It is unclear whether the early success of DPI-3290 is due to its mixed mu-delta agonist profile or whether it is
due to other pharmacologic features which provide a greater safety margin (i.e. no seizures) and potentially
stronger analgesic activity than BW373U86 and SNC80. This may become more apparent as other non-peptide
and peptide delta agonist compounds are moved into clinical development. Other strategies that may prove
useful in eliminating the seizure potential and increasing the analgesic potency of delta agonist compounds
include: (a) evaluating single-enantiomer vs. racemic compounds; (b) evaluating whether the parent compound
or a putative toxic metabolite may be responsible for adverse side effects, and determining whether animal
studies are predictive of formation of this metabolite in man; (c) evaluating spinal drug delivery for patients with
chronic intractable morphine-tolerant pain; (d) evaluating compounds with restricted access to the CNS for
treatment of peripheral inflammatory pain or hyperalgesia; and (e) evaluating mixed-function compounds with
delta agonist activity combined with analgesic or anti-seizure activity at non-opioid receptors. It will also be
important to evaluate whether the newer delta agonist compounds retain the earlier promise of lower addiction
and dependence liability vs. the potent mu agonist opioids that are in widespread use today.
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SYMPOSIUM XI

A STONE UNTURNED: THE PROMISE OF GABAERGIC MODULATION IN COCAINE
DEPENDENCE TREATMENT

A.R. Childress' and D.C.S. Roberts’, Chairpersons

Speakers: D.C.S. Robertsz, S. Dewey3, S. Shoptaw4, and A.R. Childress’
Discussant: W. Ling4

1University of Pennsylvania School of Medicine, Philadelphia, PA; *Wake Forest University School of
Medicine, Winston Salem, NC; ’Brookhaven National Laboratories, Upton, NY; and ‘Friends Research
Institute, Psychiatry/Neurobehavioral Sciences, University of California at Los Angeles, Los Angeles,
CA

SYMPOSIUM SUMMARY

GABAergic agents are a relatively understudied, but potentially very promising, class of medications for
cocaine dependence. Recently published data from Drs. Dave Roberts’ and Steve Dewey’s preclinical
laboratories show that GABAergic agents (either GABA B agonists, or vigabatrin, an inhibitor of GABA
transaminase) produce dramatic and specific reductions in cocaine self-administration. A likely mechanism is
reduced synaptic dopamine (DA) in terminal mesolimbic regions, minimizing the effect of cocaine on DA
reuptake inhibition. At least one clinical study (Drs. Shoptaw / Ling) has demonstrated potential clinical
benefits of the prototypic GABA B agonist, baclofen, in cocaine users. Dr. Childress’ laboratory has begun
encouraging studies of these GABAergic agents in cue-induced cocaine craving, a phenomenon that may
depend, in part, upon DA release.

As there is likely overlap in the reinforcement substrate for cocaine, other drugs of abuse, and natural rewards
(e.g., food, sex), GABAergic agents may have broad therapeutic potential. The symposium speakers (see
individual summaries, below) offered up-to-the-moment data on the preclinical and clinical promise of both
new and prototypic GABAergic agents for cocaine dependence.

Following the individual presentations, Dr. Walter Ling, the symposium discussant, presented an historical and
evolutionary context for these findings, emphasizing the critical importance of brain inhibitory systems in
understanding brain-behavior relationships. Brain inhibitory systems may have particular relevance in the
understanding of addiction, wherein behavioral inhibition/control often seems lost or diminished. At a
fundamental level, where relapse is understood in terms of failed inhibition, GABAergics may be good
candidate medications to support behavioral control/inhibitory functions -- which could in turn help prevent
lapse/relapse to drug use. We have no medications which offer specific benefit for relapse prevention in
cocaine dependence: GABAergic agents offer a new, and potentially very effective, approach to understanding
the mechanisms of relapse and providing novel strategies at both the laboratory and clinical levels.

GABA B AGONISTS PRODUCE PROFOUND AND SPECIFIC REDUCTIONS IN RATS’
SELF-ADMINISTRATION OF COCAINE (D.C.S. Roberts)

Recent behavioral and physiological data indicate that GABAergic drugs specifically attenuate cocaine
reinforcement through a modulation of the mesolimbic dopamine system. Using three distinct self-
administration procedures, we examined the effect of the GABAB agonist baclofen on cocaine- and food--
reinforced responding. Despite the differences in demand characteristics between the schedules, the data
consistently suggest that baclofen selectively reduces cocaine-reinforced responding.

Baclofen reduced intake of low (0.18 - 0.75 mg/kg/inj) but not high (1.5 mg/kg/inj) unit injection doses of
cocaine on a FRL schedule. On a progressive ratio schedule, baclofen decreased cocaine-reinforced break points
at doses that had only modest effects on food-reinforced responding. Cocaine self-administration was also
examined using a discrete trials procedure. Limiting access to cocaine to 2 trials/hr produced a circadian pattern
of cocaine self-administration. Baclofen suppressed cocaine self-administration during high intake periods at
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doses that had no effect on food intake. The site of action of baclofen’s suppression of cocaine self
administration is likely within the ventral tegmental area (VTA). Intracerebral injections of baclofen (32, 56,
100 ng/side) into the VTA reduced cocaine- but not food-reinforced responding. Much higher doses were
required to produce similar effects from injections into the nucleus accumbens or striatum.

In summary, cocaine self-administration is particularly sensitive to modulation by GABA B agonists: 1) at low
unit injection doses, 2) when the response cost is high, or 3) when access to cocaine is limited. These results
support the suggestion that GABAergic drugs represent a potentially useful strategy for the development of a
pharmacological treatment for cocaine addiction.

ACKNOWLEDGEMENTS: Research supported by Medical Research Council of Canada.

VIGABATRIN, AN INHIBITOR OF GABA TRANSAMINASE, ELIMINATES COCAINE
SELF-ADMINISTRATION IN RATS, AND MAY BE EFFECTIVE IN HUMAN COCAINE
DEPENDENCE (S. Dewey)

We have used vigabatrin (gvg; Sabril), a selective and irreversible inhibitor of GABA-transaminase, in an
effort to develop a novel pharmacologic approach for the treatment of substance abuse. Vigabatrin is currently
used for the treatment of partial complex seizures in both adults and pediatric patients. By taking advantage of
the well known GABAergic inhibition of nucleus accumbens dopamine, we have demonstrated that vigabatrin-
induced increases in extracellular and synaptic GABA concentrations are effective at blocking the
dopaminergic response to cocaine, nicotine, methamphetamine and amphetamine, heroin and morphine,
alcohol, and phencyclidine. These studies took unique advantage of different techniques designed to
specifically measure these effects in both freely moving rodents (microdialysis) and adult female baboons
(positron emission tomography) using either an acute or a chronic treatment regimen. In addition to these
biochemical findings, we have extended our studies to include behavioral measures such as self-administration
(using both a PR and an FR schedule), brain stimulation reward thresholds, conditioned place preference (both
expression and acquisition), sensitization, and locomotor activity. Combined, we have demonstrated that
vigabatrin is effective at dose-dependently blocking the biochemical effects of these drugs of abuse, as well as
the behavioral consequences associated with these effects. This extensive preclinical data set strongly supports
the development of clinical trials in substance abusers with vigabatrin.

ACKNOWLEDGEMENTS: Research supported by NIDA (NIH) and by DOE.

OUTCOMES WHEN USING THE GABA B AGONIST BACLOFEN IN HUMAN COCAINE USERS
(S. Shoptaw)

Conceptual Rationale: No dopaminergic agents have consistently demonstrated efficacy as a pharmacotherapy
for cocaine dependence. Thus our group has focused inquiry into medications that indirectly modulate the
behavioral effects of cocaine. Preclinical data are accumulating to indicate that GABAergic medications may
function by: (1) decreasing dopamine tone, thereby reducing cocaine reinforcing effects; and/or (2) dampen
cocaine sensitization, thereby ameliorating cocaine craving.

Open Label Experience: Our initial experience with baclofen (20 mg t.i.d.) in an open label trial (n=10, in a
group counseling model) suggested that baclofen is safe for use in cocaine outpatients. Side effects were in the
mild range (nausea, nightmares, headache, sedation, and dizziness). Most patients continued cocaine use while
on baclofen, but no adverse effects due to baclofen/cocaine interaction were noted. We concluded that 60 mg
daily dose was feasible, and that baclofen was worth systematic evaluation as a potential cocaine
pharmacotherapy.

Double-Blind Trial: In a placebo-controlled randomized trial of baclofen, we assigned 70 patients to receive 20
mg baclofen t.i.d.(n=35) or placebo (n=35) in the context of three times per week Matrix Model counseling. All
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participants were cocaine-dependent (verified by SCID), with the average participant being a 35 year-old male
(32% female) who graduated high school (12.8 years). Participants reported using cocaine for 10.8 years prior
to admission and 13 days in the month prior. Urine results showed no statistically significant effects for
baclofen over placebo using the following indices: treatment effectiveness score, joint probability index,
percent negative urine samples, longest period of consecutive “clean” urine samples, and percent of subjects
who achieved three consecutive weeks of abstinence during the trial, though all comparisons favored the
baclofen group. Post hoc analyses showed that baclofen-treated subjects were more likely to abstain from
cocaine use than placebo subjects between weeks 3 and 8 during the trial (p<.01). There were no differences
between baclofen and placebo-treated subjects in frequency of reported adverse events, with the most
commonly reported complaints being headaches, flu/colds, body aches/pain, and nausea. These results
demonstrate the safety of baclofen as a cocaine medicine. They also imply that another trial using baclofen
(perhaps at a higher dosage), or using other GABA agents is appropriate.

ACKNOWLEDGEMENTS: Research supported by NIDA grant 1 P50 90260.

GABAERGIC MODULATION OF CUE-INDUCED COCAINE CRAVING (A.R. Childress)

As preclinical data show that dopamine release can occur to signals for both natural and drug rewards, the
ability of GABAergics to modulate endogenous dopamine release may offer a novel and potent intervention for
cue-induced cocaine craving. To set the stage for testing this hypothesis, we have initiated work with
GABAergics in three different contexts: 1) open label dose-finding in our clinic, 2) cue-reactivity screens in
the laboratory, and 3) GABAergic pre-treatment prior to brain imaging of cue-induced craving.

Clinical dose-finding: Dose finding with the GABA B agonist baclofen (n=13, 10 of whom received several
doses of medication) indicated that cocaine patients may be very sensitive to the sedating effects of baclofen:
the dose tolerated by cocaine patients without complaint (10-20 mg b.i.d.) was substantially less than the dose
usually prescribed for muscle spasm (baclofen’s common use) or for recent trials in depression. Dose-finding
with tiagabine (n=6), a reuptake inhibitor of GABA, was generally well-tolerated in the 4-8mg daily range.
One patient who was increased to 16mg daily complained of dizziness; this symptom remitted when the dose
was reduced. Cue-reactivity laboratory: Two patients who had received a few days to several weeks of clinical
baclofen (during dose-finding) were also tested in the cue reactivity laboratory. Both showed reductions in cue-
induced cocaine high; one of these also showed a blunting of cue-induced cocaine craving. PET imaging
laboratory: Two baclofen pre-treated cocaine patients have also been tested in the PET imaging laboratory, to
see if the medication might prevent the limbic activation we have demonstrated in cocaine patients viewing
videos which induce craving. Though image analysis is not yet complete for these pilot studies, preliminary
examination suggests patients pre-treated with baclofen indeed did not exhibit the increases in amygdalar and
anterior cingulate regional blood flow characteristic of cocaine patients in this craving-induction paradigm.

Though our GABAergic efforts are still in the pilot stage, we feel these preliminary data encourage larger,
systematic studies of these agents in cocaine dependence treatment. GABAergics may be particularly well-
suited to prevention of relapse, as it may be easier for their DA-modulatory actions to blunt the conditioned
effects of cocaine cues (e.g., cue-induced appetitive “craving”) than to over-ride the whopping direct effects of
cocaine itself on endogenous dopamine. Since at this point we do not know which GABAergic mechanism -
raising overall GABA levels [either by reuptake inhibition, or by inhibition of the catabolic enzyme] vs. direct
agonism of GABA B receptors -- will be most effective, we will be testing the promise of differing
GABAergics in a novel paradigm which will features presentation of cocaine cues just prior to a cocaine
challenge (“cue + safety challenge”). This approach will allow us to evaluate each medication’s impact on
cocaine’s direct, cue-conditioned, and drug-primed effects, guiding selection of the most promising
GABAergics for full-scale clinical trials.

ACKNOWLEDGEMENTS: Research supported by NIDA (NIH) and the Department of Veteran’s Affairs.
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SYMPOSIUM XII

BASIC AND CLINICAL PHARMACOLOGY OF SELECTIVE CANNABINOID RECEPTOR (CB1
AND CB2) ANTAGONISTS

S.J. Heishman' and B.R. Martin’, Chairpersons
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'National Institute on Drug Abuse, Baltimore, MD; ’National Institute of Mental Health, Bethesda, MD;
3’Virginia Commonwealth University, Richmond, VA; and ‘Sanofi Recherche, Montpellier, France

RECENT ADVANCES IN CANNABINOID RECEPTORS
S. J. Heishman

Humans have used the Cannabis plant to make rope and clothing and for medicinal purposes for thousands of
years. However, it wasn’t until 1964 that Mechoulam and his colleagues isolated delta-9-THC from among the
60 other cannabinoids in the Cannabis plant and identified it as the compound responsible for the psychoactive
effects of cannabis. In an effort to determine the mechanism of action of cannabinoids and to develop
pharmacologically active compounds devoid of adverse side effects, several potent cannabinoid analogs were
synthesized in the 1980’s, including the Pfizer compound CP-55,940 and WIN 55,212 from Sterling Winthrop.
The stereoselectivity of these compounds suggested that cannabinoids acted through a specific receptor. In
1988, using radiolabelled CP-55,940, Devane and his colleagues identified cannabinoid binding sites in rat
brain. In the early 1990’s, Herkenham and colleagues reported that these binding sites are concentrated in the
basal ganglia, cerebellum, HC, and cortex. Definitive evidence for a cannabinoid receptor came in 1990 when
the cannabinoid receptor was first cloned from rat brain and in 1991 when the human receptor was cloned. The
CBI1 receptor belongs to a family of G protein-coupled receptors and is located primarily in brain, but has also
been described in the periphery. In 1993, the CB2 receptor was identified and cloned. It appears to be localized
in the periphery. The discovery of cannabinoid receptors pointed to the possibility of an endogenous ligand. In
1992, Devane, Mechoulam and colleagues isolated anandamide, a derivative of arachidonic acid. Anandamide
binds to cannabinoid receptors and produces pharmacological effects that are similar to delta-9-THC. The
discoveries in 1994 of the CB1 receptor antagonist (SR141716) and in 1998 of the CB2 receptor antagonist
(SR144528) have provided pharmacological tools with which we can begin to explore the physiological and
behavioral functions of the cannabinoid neurochemical system.

CHARACTERIZATION AND LOCALIZATION OF CANNABINOID RECEPTORS
M. Herkenham

Brain localization studies using the radiolabeled high-affinity ligand [3H]CP55,940 have revealed a very high
abundance of cannabinoid receptors in brain, as high as glutamate receptors. Receptors are densely localized to
basal ganglia, cerebellum, hippocampus, and cortex, with low levels in diencephalon, brainstem, and spinal cord.
Such localization of receptors can explain certain cannabinoid effects, such as motor (basal ganglia, cerebellum)
and memory (hippocampus). Early studies showed that there was only one binding site, and structure-activity
profiles indicated that this receptor mediated all known psychoactive effects of cannabinoid agonists (including
marijuana). The invariance of cannabinoid receptor distribution across species is unusual and suggests
conserved evolution of the receptor. This is supported by the recent discovery of cannabinoid receptors and the
endogenous ligand in hydra. Receptor localization can be confirmed by mRNA localization done by in situ
hybridization. These studies indicate that the brain form of the cannabinoid receptor is CB1 and the peripheral
form is CB2. There is little to no CB2 in brain and limited presence of CBl in the periphery. Peripheral
distribution is highly localized to specific immune cell types and sparsely localized to other cell types. The most
recent studies indicate that brain receptors are predominantly presynaptic (localized to axon terminals) in most
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areas. Receptors in the basal ganglia circuits are on GABAergic projection neurons (dense in the terminal zones
in the palladium and nigra) and not on dopaminergic nigrostriatal neurons. An implication for drug abuse
research is that THC effects on dopamine release are indirect. In fact, in animals, moderate to high agonist
(THC or CP55,940) doses are aversive and strongly activate the hypothalamic-pituitary-adrenal axis as do other
stressors. Receptors in the hippocampus are densely localized to terminals of interneurons. Receptors in the
cerebellum are localized to terminals of granule cells and to interneurons Receptors in the dorsal horn of the
spinal cord are localized to terminals of primary afferent fibers. In situ hybridization and double-label studies
show that the high-threshold nociceptive fibers carrying pain information comprise part, but not all, of the
receptor-bearing inputs. The cannabinoid antagonist (SR141716) can be used to detect local endogenous
cannabinoid activity. The antagonist has been shown to decrease dopaminergic activity and to improve short
term memory. Therapeutic applications of cannabinoid agonists include nausea, hyperkinesia, chronic pain, and
autoimmune disorders. The antagonist could be used to treat Parkinson’s disease and memory disorders.
Actions of cannabinoids that are not receptor-mediated suggest clinical utility as antioxidant or antistroke
medications.

SR141716A: AN ANTAGONIST OR INVERSE AGONIST?
B.R. Martin

Although there is no doubt that SR141716A interacts with the CB1 receptor, there has been some question as to
what consequences arise from this interaction. In their initial report, Rinaldi-Carmona et al. (1994)
demonstrated that SR141716A was an effective cannabinoid antagonist. Later studies confirmed these
observations by demonstrating that low doses of SR141716A antagonized the effects of A*-THC in mice,A’-
THC drug discrimination in rats, and A”-THC-induced overt behavioral changes in dogs. More importantly,
these actions of SR141716A occurred at doses that produced no observable pharmacological effects. Therefore,
this compound has specific cannabinoid antagonistic properties. Questions have arisen regarding possible
inverse agonist properties of SR141716A, especially from in vitro studies. High doses of SR141716A produced
motor stimulation that may represent inverse agonist effects. However, it failed to alter baseline sensitivity in the
tail-flick assay or to produce hyperthermia, effects that would be expected if SR141716A were acting as an
inverse agonist. Other laboratories have examined SR141716A in various pain models for possible hyperalgesic
effects. SR141716A increased nociception in the formalin test and in the hotplate assay, but not in the paw
pressure test and tail withdrawal assay. In an attempt to explore the possibility of SR141716A-induced
hyperalgesia, we lowered the tail-flick intensity to optimize the system for hyperalgesic responsiveness and still
failed to elicit an effect with SR141716A. We also examined SR141716A in the hot-plate set at various
temperatures and under no conditions did we obtain consistent hyperalgesia. In conclusion, SR141716A appears
to be able to produce hyperalgesia under selected conditions, but this property is not readily reproducible in all
pain models. More importantly, any hyperalgesic effect of SR141716A would most likely be of insufficient
intensity to contribute to its antagonistic properties. Other possible inverse-agonist effects of SR141716A have
been noted in precipitated withdrawal studies in which SR141716A challenge to A°-THC-treated mice and rats
produced a distinct withdrawal syndrome. In some of these studies, administration of SR141716A alone
produced some of these same withdrawal effects, albeit at low levels. These findings, along with some of the
hyperalgesia reports raise the possibility that the endogenous cannabinoid, anandamide, may be exerting a tonic
influence that is altered by the administration of SR171616A. Alternatively, SR141716A could be producing
some of these effects as an inverse agonist. These two possibilities have yet to be resolved.

IN VITRO AND IN VIVO RESEARCH WITH SR144528, A SELECTIVE CB2 RECEPTOR
ANTAGONIST

F. Barth and M. Rinaldi-Carmona

Delta-9-THC, the major psychoactive component of cannabis, and anandamide, the putative endogenous ligand

for the cannabinoid receptor, mediate their cellular effects through specific G protein-coupled receptors
designated CB1 and CB2. The CB1 receptor, cloned both in rat (1990) and human (1991) is found in brain, but
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also in lower abundance in some peripheral tissues. In 1993, a peripheral-specific receptor, hCB2, was cloned
from human promyelocytic cells HL60. It shares only 44% overall identity with hCB1. This subtype expressed
in immune tissue, but not in the brain, may be involved in cannabinoid-mediated immune modulation. Although
most cannabinoid ligands bind to CB1 and CB2 receptors with similar affinities, we developed a selective CB2
antagonist based on the diatylpyrazole structure of SR 141716, the first CB1 antagonist introduced in 1994.
This presentation will focus on in vitro and in vivo pharmacology of this new compound, SR 144528, which
behaves as a highly potent, selective and orally active antagonist for the peripheral cannabinoid receptor CB2.
This compound displays nanomolar afftnity for the cloned human CB2 receptor and rodent immune tissue with
the same potency (ICs, = 0.7 nM) and shows low affinity for the cloned human CBI1 receptor and rodent brain
tissue (ICso = 500 nM) or for any of the over 70 receptors or ion channels investigated (ICsy > 1 uM). In vitro,

SR 144528 antagonizes the inhibitory effects of the cannabinoid receptor agonist, CP 55940 (3 nM), on
forskolin-induced cAMP production in cell lines permanently expressing the hCB2 receptor (EC5, = 10 nM),

but not in cells expressing the hCB1 (EC50 > 1 uM). Furthermore, SR 144528 is able to selectively block the
MAP kinase activity induced by 6 nM CP 55940 in cell lines expressing hCB2 (ECs, = 40 nM) but not in cells
expressing hCB1 (ECs, = 1600 nM). In addition, SR 144528 is shown to antagonize the stimulating effects of
10 nM CP 55940 on human tonsillar B-cell activation evoked by cross-linking of Igs (ECs, = 20 nM). In vivo,
after oral administration SR 144528 totally inhibits the ex vivo [3H]-CP 55940 binding to mouse spleen (EDs, =
0.35 mg/kg) with a long duration of action. In contrast, it does not interact with the cannabinoid receptor

expressed in the brain (CB1). It is expected that SR 144528 will provide a powerful tool to investigate the in
vivo functions of the cannabinoid system in the immune response.

PHARMACOKINETIC PROFILE OF SR141716 IN HUMANS

M.A. Huestis

SR141716 is the first CB1 specific cannabinoid receptor antagonist. Studies were conducted to characterize the
pharmacokinetics of single and multiple-dose oral administration of SR141716 in human research volunteers.
SR141716 is highly lipophilic with a low clearance rate (8 L/hr), modest volume of distribution (1000 L), and a
moderate rate of absorption. Due to these physicochemical factors, plasma elimination half-life is 3-5 days.
Area under the curve (AUC) and C,,, values increased in an approximate dose proportional manner up to 5-10
mg single doses. Above these doses, AUC and C,,, increased, but in a less than dose proportional fashion.
Another study examined the pharmacokinetic profile of repeated daily dosing of SR141716 for 21 consecutive
days. Through plasma concentrations of SR141716 reached steady state within 2 weeks after initiation of daily
dosing. Intra-subject variability was low, and overall variability was moderate. Systemic exposure, based on
AUC and C,,,, increased in a slightly less than dose proportional manner. Based on AUC, the extent of
accumulation was 3-3.5 fold. Following administration of C-SR141716, less than 3% of the radioactive dose
was excreted in the urine, indicating that urinary excretion did not play a major role in the elimination of
SR141716 metabolites. This suggests that metabolism and/or biliary excretion are major pathways of
SR141716 clearance. [In vitro, the hydrolysis of SR141716 to SR141715 (inactive metabolite) is the
predominant metabolic pathway. In vitro, SR141716 did not induce or inhibit various human liver cytochrome
P450 enzymes, suggesting that interactions between SR141716 and other drugs that are metabolized via
cytochrome P450 enzymes are not likely to occur.
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SYMPOSIUM XIIT

ALLELIC POLYMORPHISM OF HUMAN OPIOID RECEPTORS: FUNCTIONAL STUDIES
K.S. LaForge and M.J. Kreek, Chairpersons

MU OPIOID RECEPTOR VARIANTS, SUBSTANCE ABUSE AND PAIN
G.R. Uhl and I. Sora
Molecular Neurobiology, NIDA-Intramural Research Program, Baltimore, MD

Human individuals and mouse strains differ from each other in levels of mu opiate receptor (MOR) expression,
responses to painful stimuli, reward from opiate drugs and other responses to opiate drugs. Variation at the mu
opiate receptor (MOR) gene locus is one of the best candidates for contributions to these individual and strain
differences. Support for this idea comes from analyses of the human and murine MOR genes. Assessments of
individual differences in human MOR expression add further support. Studies in mice, including quantitative
trait locus (QTL), knockout transgenic, and strain comparison studies, also strongly support the possibility that
allelic variants of the MOR gene would be strong candidates to contribute to individual differences in human
nociception and opiate drug responses.

Recent data from transgenic mice provide important information about the role of MOR expression levels in
mouse models of human pain and addiction. Morphine is not analgesic or rewarding in mice lacking mu
receptors. Mouse strain comparisons have also revealed both reduced antinociceptive responses to morphine and
lower levels of MOR expression in some mouse strains. QTL studies in mice have mapped a significant portion
of the genetic variance in morphine preference, analgesic responses and receptor B,,, values to the vicinity of
the MOR locus. We have identified a novel polymorphism of the murine MOR gene candidate
promoter/enhancer regions that displays striking correlations with both levels of MOR expression and the extent
of morphine antinociception in the BxD recombinant inbred lines.

Humans differ in their responses to pain and in their vulnerability to addiction to opiate drugs. Twin studies
document that individual differences in addiction vulnerabilities, and several types of pain, are likely to have
substantial genetic determinants. Humans also differ from one another in mu receptor densities; binding and PET
studies both suggest 30-50% ranges of human individual differences in mu receptor densities.

We have identified human genomic DNA that contains the entire MOR gene coding region and substantial 5’
flanking sequence. Searches in our laboratory and others have failed to identify common variants in the human
mu receptor protein coding sequence that dramatically change receptor function, although a modest alteration in
affinity for the B-endorphin has been noted by Yu and colleagues (see below). These data are in accord with
studies that document no convincing individual differences in MOR affinities among humans. They also fit with
the substantial MOR coding sequence conservation among species These observations suggest that genetic
components which result in functionally-different MOR protein sequences may be unlikely to explain
commonly-encountered individual differences, and contrast with the abundant data, noted above, documenting
frequent individual differences in expression levels of the mu receptor.

We and others have also identified a number of interesting MOR gene polymorphic markers. We identified the
first reported human polymorphism, a Mspl RFLP. We have used PCR to amplify and have sequenced DNA
from more than 1 kb of DNA containing the -268/-793 region from 12 unrelated human individuals. We
identified repetitive sequences in these regions that have not been polymorphic in initial screens. Two other
types of sequence variation have also been identified. In addition, more than 20 single nucleotide polymorphisms
(SNPs) have been found in these upstream sequences by other researchers.

Information about MOR gene polymorphisms that can predict the likelihood of levels of mu expression in an
individual may allow opiate drug treatments to be individualized to better treat pain. Conceivably, this
information could also help in anticipating addiction vulnerabilities (Uhl ef al., 1999).

REFERENCE: Uhl GR, Sora I, and Wang Z (1999) Proc Natl Acad Sci USA 96:7752-7755.
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GENETIC CONTRIBUTIONS TO PROTECTION FROM, OR VULNERABILITY TO, ADDICTIVE
DISEASES

K.S. LaForge and M.J. Kreek
Laboratory of the Biology of Addictive Diseases, The Rockefeller University, New York, NY

Evidence from both clinical and animal studies suggest that the mu opioid receptor (MOR) gene is a reasonable
candidate for studying potential genetic contributions to differences in responses to opioids, as well as in

vulnerability to opiate addiction. In collaboration with the group of Lei Yu, we studied the MOR gene in 113

former heroin addicts currently in methadone maintenance treatment, and 39 control subjects (Bond et al., 1998).
By sequencing PCR-amplified genomic DNA, we identified five separate single nucleotide polymorphisms

(SNPs) in the coding region of the gene. Two of these SNPs were common, with overall allelic frequencies of
10.5% and 6.7% for the A118G and C17T SNPs, respectively. Both of these common SNPs were found to vary
significantly among the three main ethnic groups studied.

Allele frequency differences between opioid dependent and non-dependent groups were assessed using Chi-
square tests, as well as the pooled Relative Risk and Mantel-Haensel Chi-square statistic for data stratified by
ethnic group. With all ethnic groups combined, the C17T allele variant was present in a higher overall
proportion of opioid dependent persons than controls at a borderline significance level (P=0.05 using either test).
With all ethnic groups combined, we found no difference in allele frequencies for the A118G variant using either
statistical test; however, this allele was present in a significantly higher proportion of opioid-dependent subjects
compared to controls within the Hispanic study group (Yates corrected x’=8.22 [p=0.0041]). Although
population admixture is a likely explanation for this finding, it also suggests the possibility that this allele might
confer a relative protection against opioid dependence.

In collaboration with the group of Andrei Mirzabekov at Argonne National Laboratory, we have developed
custom acrylamide gelpad oligonucleotide microchips for identification of specific SNPs of the MOR gene. This
specific microchip technology was selected because of the ease of fabrication of microchips, which allows for
ready customizability, the robust signal to noise ratio in detection, and the ability to re-use the microchips many
times, which makes them relatively inexpensive.

These microchips consist of an array of 100 x 100 x 20 p3 acrylamide gelpads fixed to a microscope slide.
“Base call sets” of “probe” oligonucleotides coupled to the gelpads were designed to query the A118G and
C17T SNPs of the MOR gene by differential hybridization. Human DNA samples from our bank were
sequenced to determine genotypes at nucleotide positions 118 and 17. Fluorescently labeled “target” material
was prepared from this genomic DNA and hybridized to microchips. Measurement of hybridization levels was
by fluorescence microscopy. The base substitution at the polymorphic sites was then determined by target
hybridization to perfect duplex or single base mismatched oligonucleotides linked to specific gelpad positions.
Fluorescence levels at gelpads with perfectly matched oligonucleotides were easily and reproducibly
distinguishable from signal intensity at positions with single base mismatched oligonucleotides.

This method provides a highly reproducible alternative to DNA sequencing or other methods, and should enable
inexpeniive and high-throughput analysis of MOR gene SNPs for genetic and genomic studies.

REFERENCE: Bond C, LaForge KS, Tian M, Melia D, Zhang S, Borg L, Gong J, Schluger J, Strong JA, Leal
SM, Tischfield JA, Kreek MJ, Yu L (1998) Proc Natl Acad Sci USA 95:9608-9613.
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DIFFERENCES IN CELLULAR FUNCTION OF ALLELIC VARIANTS OF THE HUMAN MU
OPIOID RECEPTOR

L. Yu

Department of Cell Biology, Neurobiology and Anatomy, University of Cincinnati College of Medicine,
Cincinnati, OH

The most commonly used opioids, both in the clinical management of pain and in the setting of drug abuse and
addiction and the treatment thereof, primarily activate the mu opioid receptor to mediate their physiological
effects. In collaboration with the group of Mary Jeanne Kreek at The Rockefeller University, we have identified
five different single nucleotide polymorphisms (SNPs) in the coding region of the mu opioid receptor (MOR)
gene by sequencing DNA from former heroin addicts and control subjects. The most prevalent SNP identified is
a substitution at position 118 (A118G) in the protein coding region, predicting an amino acid substitution
(N40D) at a putative N-glycosylation site in the N-terminal region of the receptor. This amino acid position is
predicted to be in the first extracellular domain of the receptor.

To study potential effects of this common amino acid substitution on the cellular functioning of the receptor, we
expressed the prototype and variant forms in AV12 cells to study ligand binding, and in oocytes co-expressing
G-protein activated inwardly rectifying K (GIRK) channels, activation of which is an important cellular
consequence of agonist binding to the receptor. The N40D wvariant and the prototype receptors had similar
binding affinity for most opioid peptides and alkaloids tested, including Met- and Leu-enkephlin, endomorphin-1
and -2, DAMGO, dynorphin A(_;;, morphine, methadone, fentanyl and naloxone. However, we found a
significant difference in the binding affinity off--endorphin: compared to prototype receptor, the N40D variant
binds --endorphin approximately three times more tightly. Furthermore, the binding of B-endorphin to the N40D
variant receptor displayed an approximately threefold greater activation of GIRK channels compared tof-
endorphin binding to the prototype receptor. Other opioid agonists showed no significant difference in GIRK
channel activation between the two receptor forms. These results suggest the A118G SNP in the receptor gene
may result in changes in cellular function of the receptor. These potential functional differences of the allelic
forms may have implications for normal physiology, therapeutics, and diseases including the addictive diseases
(Bond et al., 1998).

REFERENCE: Bond C, LaForge KS, Tian M, Melia D, Zhang S, Borg L, Gong J, Schluger J, Strong JA, Leal
SM, Tischfield JA, Kreek MJ, Yu L (1998) Proc Natl Acad Sci USA 95:9608-9613.
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A SINGLE NUCLEOTIDE POLYMORPHIC MUTATION IN THE HUMAN MU OPIOID RECEPTOR
SEVERELY IMPAIRS RECEPTOR SIGNALING

K. Befort, D. Filliol, V. Favier, M. Hoehe*, and B.L. Kieffer

Laboratoire des Récepteurs et Protéines Membranaires, UPR CNRS 9050, ESBS, Parc d’Innovation,
Ilkirch, France and *Genome Research Laboratory, Max-Delbriick-Center, Berlin, Germany

Large-scale sequencing of the human mu opioid receptor (MOR) gene revealed polymorphic mutations (Hoehe),
some of which occur within the coding region: N40D at a putative N-glycosylation site in the N-terminal
domain, N152D in the third transmembrane domain, and R265H and S268P in the third intracellular loop. We
investigated if these MOR variants exhibit altered functional properties when expressed in COS cells. The
N152D receptor was found expressed at lower densities compared to wild-type and other mutants receptors.
Affinities of the peptide agonist DAMGO, the peptide antagonist CTOP and the alkaloid antagonist
diprenorphine were slightly increased at the R265H mutant receptor (3.7-, 1.9- and 2.5-fold, respectively), while
binding affinity of the alkaloid agonist morphine was greater at most mutant receptors (2.6- to 4-fold).
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Receptor signaling was measured by the agonist-induced [35S]GTPYS binding assay. Maximal DAMGO-
promoted [35S]GTPyS binding was barely detectable at S268P (132% of basal level) compared to wild-type
receptor (228% of basal level), demonstrating a dramatic impairement of agonist efficacy. Also, the EC50 value
was increased two fold, indicating a concomitant decrease in agonist potency at this variant receptor. DAMGO
responses of N40D and R265H mutants did not significantly differ from wild-type receptors and none of the
mutations induced detectable constitutive activity. Our data, therefore, show that natural mutations of the mu
receptor can modify receptor density or ligand binding. More importantly, the S268P MOR variant represents a
loss of function mutant of the human mu-receptor that may have an effect on opioid-regulated behaviors or drug
addiction in vivo.

ALLELIC VARIATION OF DELTA AND KAPPA OPIOID RECEPTORS AND ITS IMPLICATION
FOR RECEPTOR FUNCTION

V. Hollt

Institute for Pharmacology and Toxicology, University of Magdeburg, Germany

There is a significant association between an allelic variation (C to T exchange in codon 307) of the delta opioid
receptor gene with heroin addiction (Mayer et al. 1997). Our recent studies indicate that there is also an
association of this allelic variation of the delta receptor with alcoholics with a family history of alcoholism. We
found another allelic variation of the delta receptor gene (exchange of T to G in codon 27 results in an exchange
of Phe to Cys; allele frequency T = 90%; G = 10%). This coding mutation has little effect, if any, on both
binding and coupling of delta opioids and B-endorphin as measured in frog oocytes and in transfected HEK293
cells. We found no association of this polymorphism with heroin addiction.

We detected four silent variations in the kappa opioid receptor gene (exchange of G to T at nucleotide 36; C to T
at nucleotide 459; AC to GC at nucleotide 843 and GC to CT at nucleotide 846). The allele frequencies of these
polymorphisms are low (below 5%).

M. Hoehe and B. Wendel described in a PCT patent application (Publication WO 98133937) a large series of
polymorphisms in the mu opioid receptor gene. One causes an exchange of the amino acid Ser to Pro at position
268. Since Ser 286 is a phophorylation side for CamKinase II, we mutated this site to Pro and Ala in the human
and rat gene. After expression in frog oocytes and in HEK293 cells, a marked decrease in coupling efficiency
and in agonist-induced desensitization was found.

Within the promoter region of the human prodynorphin gene, a 68 bp sequence was found which occurs as
polymorphic element, either singularly, or as tandemly repeated element (either 2, 3, or 4 times). This 68 bp
repeat element contains an AP1 factor binding site. Reporter gene assays provide evidence of allele dependent
differences in promoter activities. However, prodynorphin allelic distributions were not significantly different in
heroin addicts and control subjects.

REFERENCE: Mayer P, Rochlitz H, Rauch E, Rommelspacher H, Hasse HE, Schmidt S, Ho6llt V (1997)
NeuroReport 8:2547-2550.
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SYMPOSIUM X1V

DEVELOPMENTAL FOLLOW-UP OF PRENATAL DRUG EXPOSURE IN PRE-SCHOOL AND
SCHOOL-AGED CHILDREN

L.P. Finnegan,’ and V.L. Smeriglio6, Chairpersons
Co-authors -° B.M. Lesterz, L.C. Mayes3, P.A. Fried’ , and S.L. Hans’

'National Institutes of Health, Office of Research on Women’s Health, Bethesda, MD; ’Brown University
School of Medicine, Providence, RI; *Yale Child Study Center, New Haven, CT; ‘Carleton University,
Ottawa, Canada; 5University of Chicago, Chicago, IL; and National Institutes of Health, National
Institute on Drug Abuse, Bethesda, MD

Developmental follow-up studies of infants and children exposed to illicit drugs in utero have been ongoing for
many years, permitting discussion of outcomes from infancy to puberty. Across these studies, cohorts of
children have been assessed at varying ages. Children in marijuana or opiate focused projects are older than
those exposed to cocaine.

One major cohort study is the Maternal Lifestyle Study (MLS), a multi-site prospective study of neonatal events
and long-term health and developmental outcomes relative to drug use during pregnancy (i.e., cocaine, opiates,
or both). MLS sites are located in Detroit, Ml; Memphis, TN; Miami, FL; and Providence, RI. The long-term
aspect of the MLS is in progress, and is currently designed to observe the children to age seven years. One
analysis in the MLS focused on the association between prenatal exposure status and patterns of motor
development over the first 18 months of life. Infants exposed (EXP) to cocaine/opiates (N=658) were studied
relative to 730 infants in a comparison group (COMP), which was group matched for gestational age, race, and
gender. Alcohol, marijuana, and tobacco exposure occurred in both groups. Measures were administered by
masked certified examiners, and included: the NICHD Neonatal Intensive Care Unit (NICU) Network
Neurobehavioral Scale (NNNS) at 1 mo corrected age; the Posture and Fine Motor Assessment of Infants
(PFMAI) at 4 mo; the Bayley Psychomotor Index (PDI) at 12 mo; and the Peabody Motor Scales (PMS). Motor
scores from each measure were converted to standard (Z) scores, scores for each infant were averaged, a slope
of the four averaged Z scores was computed for each infant, and mean slopes for EXP and COMP were
compared (t test). Regression analysis was performed adjusting for birth weight, exposure to alcohol,
marijuana, tobacco, opiates, and social class (Hollingshead). Cluster analysis was used to identify subgroups of
infants with specific patterns of motor development across the four motor exams. Complete motor data were
available for 605 infants (263 EXP, 342 COMP). The mean PDI was 91, and the mean on the PMI was 95 for
gross motor and 87 for fine motor, There was no significant difference between the mean slopes of the EXP and
COMP infants by t test. Cluster analysis identified a group of infants (N=60) characterized by motor scores
which were significantly below the means: 1.7 SD on the PDI, .66 SD on the PDI, and .49 SD on the PMS.
EXP infants were more likely than COMP to show this pattern of low motor scores (60% vs 40%, Chi
Square=7.47, p<.03). Regression analysis revealed that this effect was due to poly-substance abuse (alcohol,
marijuana, tobacco, and opiates) rather than cocaine alone, and was independent of SES (p<.05). It was
concluded that, although the trajectory of motor development is similar between EXP and COMP infants, there
is a subgroup of poly-substance exposed infants with consistently poor motor function at 1, 12, and 18 mo. The
finding that the mean motor score of both groups is below the norm, especially for fine motor at 18 mo, is
consistent with other studies of children growing up in underprivileged environments. Continued follow up of
this large cohort is providing data on a wide range of health and development outcomes.

Ongoing longitudinal research at Yale University is examining relationships among prenatal cocaine exposure,
postnatal environmental instability, and the cognitive and social development of infants and children from birth
through eight years of age. This research is being conducted in the context of four lines of evidence suggesting
a plausible link between prenatal cocaine exposure and specific effects on mechanisms subserving arousal and
attention regulation in infants and preschool children: (1) the association of prenatal cocaine exposure with
alterations in monoaminergic system ontogeny with suggestive findings pointing to a functional decoupling of
dopamine D1/D2 interaction, and an increase in D2 and norepinephrine activity, (2) neurobehavioral effects of
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prenatal cocaine exposure in animals, including inhibited exploration and altered responses to stress, suggesting
overarousal in the face of novel/stressful situations and disrupted attention and learning, (3) altered
norepinephrine system functions in cocaine-exposed human infants and altered glucocorticoid response
suggesting altered stress response systems, and (4) neurobehavioral findings in infants and preschool aged
children suggestive of disrupted arousal regulation in the face of stress or novelty, increased distractibility,
impulsivity, and consequent impaired attention to novel, structured tasks.

The developmental domains of particular focus in this research relate to the regulation of arousal and attention.
The cohort under study involves 442 children (254 prenatally cocaine-exposed and 188 non-cocaine-exposed),
who currently range in age from 3.5 to 7 years. Children are divided into three study groups: (1) those exposed
to cocaine and other drugs including alcohol, tobacco, and/or marijuana, (2) those exposed to other drugs in
varying combinations but not to cocaine, and (3) those exposed prenatally to no other drugs. Children are seen
biyearly between 4 and 8 years with repeated assessments in the following domains: (1) arousal regulation
operationalized behaviorally as state and emotional reactivity and neuropsychologically as the startle response
and heart rate variability, (2) attention regulation operationalized as the ability to sustain attention, identify
stimuli, and inhibit responses, (3) aspects of executive functioning (in particular, reflective of prefrontal cortex
functioning), (4) cognitive function, (5) adaptive and maladaptive behavior, (6) school performance, (7) social
adjustment, and (8) the incidence of childhood psychiatric disorders of attention, anxiety, and conduct.
Analyses for a cross-sectional sample of the larger cohort involved measures at 4.5 and 5.5 years of age in the
following four paradigms (1) delayed response, (2) Stroop task modified for preschool age children, (3) a
continuous performance task, and (4) an auditory startle procedure. Across the four measures, children in the
cocaine exposed group differed significantly from children in the other two groups. These differences may be
characterized as increased emotional lability, impulsivity, perseveration, problems with attention shifting and
inhibiting responses. For some of these behavioral differences, particularly the inhibition of salient responses,
there was a relationship between amount of cocaine exposure prenatally and the degree of difficulty, with
heavier exposure associated with more difficulty inhibiting salient responses. Findings such as these suggest a
disruption for cocaine-exposed children in the interactive relationship between arousal regulation and prefrontal
cortical functions as assessed by so-called executive function tasks. Early disruption of the developmental
ontogeny of arousal regulatory capacities may possibly have effects that extend well into the school-aged years
and alter the normal trajectory of cognitive and social-emotional development.

Topics such as attention, executive function, and prefrontal lobe functioning have also been of much interest in
research on the development of children exposed prenatally to marijuana. For over 15 years, the Ottawa
Prenatal Prospective Study (OPPS) has reported the neurobehavioral outcomes in the offspring of women who
used marijuana and/or cigarettes during pregnancy. The subjects participating in the ongoing OPPS are
primarily middle-class, low risk women who entered the study early in their pregnancy. Extensive demographic
and lifestyle information was gathered several times during pregnancy, after the birth, and continue to be
collected. A cohort of 190 children was selected. The children have been assessed repeatedly during the
neonatal period, at least annually until the age of six and less frequently thereafter. The data gathered when
these children are entering adolescence have recently been analyzed. The outcome measures include a variety of
age appropriate standardized global measures as well as a large series of neuropsychological tests assessing
discrete functioning within particular domains including language development, memory, visual/perceptual
functioning, components of reading, sustained attention, and executive function. The latter is a multiple,
non-unitary set of cognitive/behavioral processes critical in effortful, non-routine goal-oriented situations.
Across all ages of assessment, a dose dependent association, that remains after controlling for potential
confounds (including second hand smoke), has been noted between prenatal cigarette exposure and lower global
1Q with tests of auditory/verbal functioning showing the maximum vulnerability. In contrast, global measures,
particularly between the ages of one and three years, have not revealed an association with prenatal marijuana
exposure. However, as the children became older, aspects of neuropsychological functioning that discriminated
between marijuana and control children included increased behavior problems and decreased performance on
visual perceptual tasks requiring integration of basic perceptual abilities, and aspects of attention. The nature
and the timing of the appearance of these deficits is congruent with the notion of prenatal marijuana exposure
affecting facets of executive functioning. Such an interpretation would be consistent with the extant literature
with non-pregnant adult users suggesting that chronic marijuana use may impact upon aspects of prefrontal lobe
functioning.
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Long-term follow-up of children exposed to opiates in utero has been conducted at the University of Chicago.
Thirty-six children whose mothers used opioid drugs, primarily methadone, during pregnancy and a comparison
group of 41 children whose mothers did not abuse opioids or alcohol. The children have been followed
longitudinally from the prenatal period. At age 9-11 years, relative to the comparison group, children exposed
prenatally to opioids showed no deficits in general intelligence (assessed with the WISC-R), but did have
difficulties on the Continuous Performance Test, suggestive of problems with regard to focusing attention and
inhibiting motoric response. Boys with histories of prenatal exposure were particularly at risk for attention
problems. Children exposed prenatally to opioids did not have more behavior problems (assessed with the
Diagnostic Interview for Children and Adolescents) than other children during middle childhood. Children’s
behavior problems were, however, associated with the quality of parenting they received, and in particular with
maternal responsiveness when the children were infant